From: Gordon, Lisa Perras

To: Zapata, Cesar

Cc: Allenbach, Becky; Able, Tony; Bouma, Stacey; Baker, Frank; Pohnan, Joseph; Hopkins, Marion
Subject: Update: Petition regarding SC Water Withdrawal Act

Date: Tuesday, October 30, 2018 4:27:13 PM

Attachments: SC 1 SaludaRiverCategory4CSubmission08.31.2017.pdf

SC 3 UpperReedyRiver4CSubmissionPacket.pdf

Cesar,

As requested today, | am including a small update on an issue related to the SC WW Petition as you
head into the meeting with SC tomorrow from the original below.

In 2017, EPA facilitated meetings of the Petitioner (American Rivers) with DHEC to discussed
hydrologically altered waters, both from water withdrawals as it relates to the Petition and other
causes as well. In accordance with EPA’s 2016 IR guidance, States should identify waters impaired for
flow in the 305(b) report under Category 4C. Petitioners asked if they could provide examples of
impaired waters to the State. The state said they would review and consider any submissions.
Petitioners submitted requests to consider impairments on the South Fork of the Edisto, the Upper
Reedy River, the Saluda, the Santee and the Broad River. Examples are attached.

We encouraged the state, consistent with EPA guidance, to accurately identify waters that are
impaired. The state has not put out the public notice on the Report. The Petitioner called last week
to ask if we've heard that the state may be coming out with their decision. Petitioners indicated they
will be following it closely and have asked to discuss EPA’s role in the review of the Report once it
comes out. We will encourage Petitioners to submit comments during the public comment period.
We would like to continue to encourage the state to accurately identify hydrologically altered
waters.

Lisa

From: Gordon, Lisa Perras

Sent: Wednesday, September 26, 2018 5:38 PM

To: Bouma, Stacey <Bouma.Stacey@epa.gov>

Subject: FW: Petition regarding SC Water Withdrawal Act

If it’s okay with you...will occasionally forward some of my responses to JG’s request for you to tuck
in a folder for reference so you can see the kind of questions being asked. If you prefer | wait, just let
me know.

From: Gordon, Lisa Perras

Sent: Wednesday, September 26, 2018 5:37 PM

To: Gettle, Jeaneanne <Gettle.Jeaneanne@epa.gov>; Wetherington, Michele
<Wetherington.Michele@epa.gov>

Cc: Able, Tony <Able.Tony@epa.gov>; Bragan, Mary Jo <Bragan.Maryjo@epa.gov>
Subject: RE: Petition regarding SC Water Withdrawal Act
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Saluda River in Greenville, Pickens, and Anderson Counties

The following information demonstrates that a 14-mile section of the Saluda River downstream
of the Saluda Lake Dam, including parts of Greenville, Pickens, and Anderson Counties, is
impaired due to hydrologic alteration. We request that the Department of Health and
Environmental Control (DHEC), and Region 4 of the Environmental Protection Agency
designate this section of the Saluda River as a hydrologically impaired waterbody under
Category 4C of South Carolina’s 2018 Integrated Reporting Document.

About the Saluda River

The waterbody proposed for listing is a 14-mile section of the Saluda River below Saluda Lake
in Greenville, Pickens, and Anderson Counties (Figure 1). It extends from the Saluda Lake Dam
at Saluda Dam Road to the headwaters of the Piedmont Dam impoundment. The Saluda River in
the proposed reach is classified freshwater. Designated uses include contact recreation, aquatic
life, and industrial uses. It is a popular section for fishing, boating, tubing, and swimming.

A variety of water quality impairments exist for the Saluda and tributaries within this reach. A
SCDNR research fisheries biologist indicated that collections from a recent fish sampling at the
Dolly Cooper Park within this reach appeared diminished in terms of fish diversity and
assemblage structure (personal communication), suggesting that the aquatic life use may be
compromised. Quantitative analysis of this fish sampling is pending. (We will to follow up and
forward information that may be applicable.)

Priority fish species known to occur in the reach are given in Table 1.






Table 1. Fish species of Conservation Priority known to occur in the Saluda River from Saluda
Lake Dam downstream to Piedmont (source: SCDNR).

. Conservation
Species Common Name

Priority
Moxostoma collapsum Notchlip Redhorse Moderate
Moxostoma pappillosum V-lip Redhorse Moderate
Micropterus sp. cf. cataractae “Bartram's” Bass Highest
Clinostomus funduloides Rosyside Dace Moderate
Cyprinella chloristia Greenfin Shiner Moderate
Cyprinella labrosa Thicklip Chub Moderate
Cyprinella pyrrhomelas Fieryblack Shiner Moderate
Cyprinella zanema Santee Chub High
Hybopsis hypsinotus Highback Chub Moderate
Hybopsis rubrifrons Rosyface Chub Moderate
Notropis scepticus Sandbar Shiner Moderate
Ameiurus brunneus Snail Bullhead Moderate
Ameiurus catus White Catfish Moderate
Ameiurus platycephalus Flat Bullhead Moderate
Etheostoma thalassinum Seagreen Darter High
Percina crassa Piedmont Darter High

Additional information on these species and the criteria for Priority status can be found in the State Wildlife Action
Plan: http://dnr.sc.gov/swap/index.html.

The Saluda Lake dam is used for hydropower (modified peak), but is not regulated by the
Federal Energy Regulatory Commission (FERC). The lake provides source water for the greater
Easley area. Headwaters in the South Saluda and North Saluda Rivers provide source water for
the greater Greenville area (a combined withdrawal capacity of 93 MGD), much of which is
“lost” through interbasin transfer to the Reedy River and the Enoree River watersheds through
wastewater discharges. Other surface water withdrawals upstream of the proposed reach include
those for golf course and agricultural irrigation. Domestic and industrial wastewater discharges
exist upstream and within the reach proposed for hydrologic impairment. There are other
upstream reaches not included in this petition that have historically had episodic flow
impairment issues that could be candidates for future consideration for listing as hydrologically
impaired.

About the impairment

Recreational uses are impaired in the proposed reach of the Saluda River primarily due to
hydrologic alteration caused by the hydropower operation. This results in the lack of flow
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downstream for certain periods, which is increasing with severity and frequency, and which
restricts the use by boaters, anglers, tubers, and swimmers. Aquatic life use may also be impaired
due to this hydrologic alteration.

Evidence
A. Data and Information

USGS gaging station 02162500 (Saluda River near Greenville) is situated approximately 1.6
miles downstream of the Saluda Lake dam within the subject reach. The period of record for this
station is from 1942 to 2017, with a data gap from 1978 to 1990. The average daily flow for the
entire period of record is 605 cfs. Hydrographs of historic mean daily flows show that the
frequency and severity of low flows has increased in recent decades (Figure 2), particularly in
more recent years (Figure 3).!

Recreation Uses

The South Carolina surface water withdrawal law established a minimum instream flow criterion
to meet designated uses for recreation and navigation at 20% of the mean annual daily flow. We
used this criterion and the resulting flow of 121 cfs was used for analysis based on USGS gage
2162500. The percentage of days the average daily flow falls below the 20% criterion is given
for recent years in Table 2. The low flow frequency increased significantly in 2016.

Table 2. Frequency of low flows in the Saluda River at USGS 02162500.

Min Max
Avg Daily | Avg Daily Dl\;())/.s ng:yesnt D,\;c))/.s ng:yesnt
Flow Flow | 121 ¢fs | <121cfs | <212¢fs | <212 cfs
(cfs) (cfs)
2011 42 3,330 42 12% 117 32%
2012 98 2,290 2 1% 23 6%
2013 279 3,930 0 0% 0 0%
2014 219 2,960 0 0% 0 0%
2015 38 4,130 9 2% 62 17%
2016 51 2,190 77 21% 162 44%

A site specific study conducted in the Saluda River just downstream of the reach we have
proposed for listing suggests that flows higher than 20% may be needed to meet navigation for
boating and fishing recreation uses. A 1988 Water Resources study assessed navigation flow
needs for reaches of the Saluda River directly downstream of the subject reach (South Carolina
Water Resources Commission, 1988). The assessment shows that for the immediate downstream

! Hydrologic studies from the Saluda-Reedy Watershed Consortium (SRWC) included analysis of historic
precipitation data from nearby rain gages and did not identify a trend in precipitation from 1942 to 2005 (North
Wind, 2007).





reaches Saluda 4(a) and Saluda 4(b), flows of 300 and 340 cfs were needed for navigation, and
that these flows represented 38 and 35%, respectively, of the mean annual flow calculated at that
time (Attachment A, Tables 5 and 8). If 35% of the mean annual flow for the current period of
record (212 cfs) is used as a minimum threshold for navigation to support boating and fishing
recreation, then the number and percentage of days with insufficient flow for navigation for
recreational use increases significantly, up to 44% for 2016. (Table 2)

In addition to the increase in frequency of low flows, the degree of fluctuation and severity of
low flows has also increased in the subject reach in more recent years. As an example, in 2015
flows at USGS 02162500 dipped from 250 to 32 cfs on July 1 and 2 (Figure 4), not returning to
previous levels until July 3. Similar trends were observed in 2016 and 2017 (Figure 5). In early
February 2017, flows dropped precipitously and repeatedly from approximately 240 cfs to 17 cfs
(Figure 6). Alteration of flows in June of this year resulted in repeated oscillations between 1300
and 60 cfs (Figure 7, Photos 1-3), which threatened the Saluda River Rally (see testimony below)
and affected the ability for SCDNR to conduct fish surveys (personal communication, SCDNR).

Other examples of significant oscillations in flows for which recreational and aquatic life uses
are impaired are:

e May 20 2014 — 910 to 60 cfs
e May 212014 —918 to 55 cfs
e Sep 32014 —-868to 4l cfs

e Oct 28 2015 — 961 to 40 cfs

Attachment B includes documentation of correspondence from the South Carolina Water
Resources Commission (SCWRC) during the FERC relicensing of Saluda Lake Dam in the early
1990s. This documentation included repeated and “extreme” concern for potential impacts of
hydropower operations at Saluda Lake Dam on recreational navigation. Insufficient data and
information were presented to demonstrate that the proposed hydropower operations (modified
peak) would protect navigability below the project; therefore, SCWRC recommended that the
project be operated as a run-of-river facility. However, in the 1990’s, FERC determined that the
Lake Saluda Dam hydropower project was not under their jurisdiction and relinquished its
authority. As a result, the dam continues to be operated as a peaking facility and not run-of river
as recommended by the SCWRC. (Note: A 1995 state government reorganization dissolved
SCWRC and partitioned its responsibilities between DHEC and SCDNR.)

There is additional evidence that the extreme flow fluctuations resulting from hydropower
operations at Saluda Lake have affected and are continuing to affect recreational navigation in
the downstream reach is given below.

The Saluda River Yacht Club operates a tubing business on the Saluda River near the USGS
gaging station 02162500. Customers are shuttled upstream to the Saluda Dam Road and tube





downstream to the outfitter’s location at Highway 124. Some days they cannot operate their
business due to the lack of water released from the dam (personal communication with staff at
the Saluda River Yacht Club, August 2017). The days in which this happens are not predictable
as there is no regular schedule of flow releases from the dam. Furthermore, the number of days
during the spring and summer during which they cannot operate their business have increased in
recent years. When asked how they are able to operate the tubing business with severe flow
fluctuation and uncertainty of water levels, staff indicated that they can only issue low water
warnings when it appears that water levels may be too low for tubing. At times customers have
been stranded on the water and had to walk down the river to finish their trip. Furthermore, staff
indicated that when the river levels drop precipitously due to lack of flow release from the dam,
freshwater mussels and other sessile aquatic life become stranded and die. One staff person
stated that during these low release periods he walks the riverbed behind the business and tries to
save mussels that become stranded by relocating them to wetted areas.

Recent experience by a paddler following this year’s 8™ annual Saluda River Rally provides
additional compelling evidence that flow alterations due to hydropower operations are adversely
affecting recreational navigation. The Saluda River Rally is an annual paddling event on the
Saluda River downstream of Saluda Lake Dam sponsored by Anderson County. While there was
sufficient flow for this year’s Rally (on June 3) thanks to coordination with the hydropower
operator, there was not the next day when peaking operations resumed (see attached letter from
Anderson County). The flow in the river that day at USGS 2162500 fluctuated between 328 and
130 cfs. Similar flow alteration occurred during the 2012-2016 period under review.

Adquatic Life Use

In addition to the testimony about stranded freshwater mussels and other sessile aquatic life,
scientific literature is flush with studies that demonstrate impairment of aquatic life results from
flow alteration of the magnitude occurring downstream of the Saluda Lake Dam (e.g. EPA
Report 822-R-16-007). Richter et al. (2011) analyzed numerous ecological flow studies and
summarized their findings under three flow alteration categories: (1) a high level of ecological
protection would result if daily flows are altered less than 10% from natural flows, (2) a
moderate level of protection would result if daily flows are altered from 11% to 20% and (3)
alterations greater than 20% would likely lead to moderate to major changes in natural structure
and ecosystem functions. It is obvious that flow alterations that occurred downstream of the
Lake Saluda Dam during the 2012-2106 period under review fall far below the 20% daily
alteration threshold that would likely lead to moderate to major changes in natural structure and
ecosystem functions.





B. Photographs

Photo 1. Saluda Lake dam, June 9, 2017, 6:17 PM. Flow downstream at USGS 02162500 was 75 cfs at
this time (down from 1,300 cfs earlier the same day), and dropped further in subsequent hours to 62 cfs,
similar to the low flows documented in 2014 and 2015 that impair recreational and aquatic use.





Photo 2. Saluda River looking downstream from Saluda Dam Road, June 9, 2017, 6:18 PM. Under
these extreme low water conditions caused by hydropower operations, the DNR was not able to conduct
sampling using a boat.





i O

Photo 3. Saluda River directly below at Saluda Dam Road, June 9, 2017, 6:19 PM. This photo shows
that a substantial portion of the river channel was not wetted as a result of hydrologic alteration caused
by hydropower operations.





C. Testimony

"The fluctuating river levels have greatly affected our business. When the river is low we are no
longer able to operate as a tubing company. Beyond this, along the back of our property Saluda
River Yacht Club staff has noticed a significant loss of water dependent wildlife (including
freshwater mussels).”

- Jon Hall, General Manager, Salad River Yacht Club
- Saluda River Yacht Club Staff

Salad River Yacht Club
1307 Old Easley Highway (Hwy 124)

Easley, South Carolina 29640
(864) 399-4015

Testimony from Anderson County on recreation use impairment is found in Attachment C.

Conclusion

This information demonstrates that the Saluda River from Saluda Dam Road to 14 miles
downstream is impaired for recreational and aquatic life uses due to hydrologic alteration and
should be listed under Category 4C in the South Carolina 2018 Integrated Reporting Document.

Attachments

Attachment A — Instream Flow Study

Attachment B — South Carolina Water Resources Commission Correspondence
Attachment C - Anderson County letter
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Figure 1. Map of section of Saluda River proposed for hydrologic impairment
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Figure 3. Hydrograph of flows at USGS 02162500 - Saluda River near Greenville, 2011 - 2017.
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Figure 4. Hydrograph of flows at USGS 02162500 - Saluda River near Greenville, July 2011.
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Figure 5. Hydrograph of flows at USGS 02162500 - Saluda River near Greenville, 2016 - 2017.
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Figure 6. Hydrograph of flows at USGS 02162500 - Saluda River near Greenville, February 2017.
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SUMMARY

South Carolina contains an extensive river system which supports diverse populations of fish and wildlife and serves as an
important resource to man. Man’s interests in streams include both instream and offstream use activities and values. Instream
uses occur within natural stream channels and are dependent upon flows of adequate volume and depth. These uses and
interests include navigation, recreation, wastewater assimilation, water quality maintenance, habitat for fish and wildlife
resources, hydroelectric power generation, and aesthetics. Offstream uses remove water from the stream channel and include

such activities as water withdrawals for industrial, municipal, agricultural, and thermoelectric power generation purposes.

Streamflows are affected by both natural factors and man’s activities in the river basin. Significant reductions in streamflows
adversely impact or eliminate instream uses. In South Carolina, instream use problems result primarily from regulated releases
from hydroelectric power projects, and diversions or withdrawals of large portions of flow. Projected growth in offstream

water demands and peak electric power needs could further limit available streamflows and impact instream uses.

While the concern for protecting instream uses began in the arid western states, eastern states are now recognizing the need
for instream flow protection because of escalating offstream water demand and hydroelectric development. In the Southeast,

instream flow concerns are addressed to a limited extent through existing Federal permit and license





procedures (Section 401 Water Quality Certification, Section 404 Permit, Section 10 Permit, and operating licenses and
exemptions for hydroelectric power projects); however, many states have conducted special studies, developed policies, and
enacted legislation to help further protect instream flows. The State of Georgia has one of the most comprehensive means of
protecting streamflows through a statewide surface water withdrawal permit program. Although no comprehensive program
exists in South Carolina, instream flows may be additionally protected through the Interbasin Transfer of Water Permit,

Construction in Navigable Waters Permit, and drought management activities as authorized in the Drought Response Act of

1985.

In 1983, the General Assembly by Joint Resolution (R115, H2549) directed the Water Resource Commission to
identify and prioritize streams in need of low flow protection and recommend minimum flow requirements to protect
instream uses. The Commission initiated the Instream Flow Study to develop necessary information to address this directive.
Phase I of the study involved the identification and ranking of streams for which minimum flows need to be established, and
Phase II involved the determination of minimum flow requirements to protect instream uses for the priority stream segments
identified in Phase I. The Water Resources Advisory Committee composed of 23 members representing a broad spectrum of
public and private water-related interests was established to provide advice during the study process. While much of the input
from committee members was incorporated into the study plan and final reports, not all members were necessarily in full

agreement with study methods and findings.





Phase [ was completed in 1985 and a report was provided to the General Assembly at that time. During that phase, over 500
stream segments were evaluated and ranked based on their potential for instream use impacts due to low flows. Natural and
man-induced factors which affect flows, and relative importance of each segment were considered. Fifteen priority stream

segments were identified as having the greatest need for streamflow protection.

During Phase 1, site specific data were collected at 31 study sites on nine of the 15 priority stream segments. Six segments
(Saluda 1, Saluda 2, Saluda 4, Catawba 2, Wateree 1, and Wateree 2) were located in the Piedmont physiographic region and
had flow regulated to some extent by hydroelectric projects. Three segments (Coosawhatchie, Jeffries Creek, and Whippy

Swamp) were located in the Coastal Plain and experienced little or no regulation of flow.

Numerous existing instream flow assessment methods were reviewed prior to developing the study methodology. Several
methods were utilized to determine minimum flow needs at each study site for each of six, instream use categories (naviga-
tion, water quality, fishery resources, run-of-river hydroelectric power production, threatened and endangered species, and
unique ecological characteristics). Recommended minimum flow requirements for each stream segment were determined by
selecting the highest minimum flow value of all use categories of all study sites within a segment. This procedure assured the

protection of all instream uses at an acceptable minimum level throughout the segment.

Recommended minimum flow requirements were determined for each priority stream segment for three time periods:

January-April;





July-November; and May, June, and December (Table 7). Threatened and endangered species were identified on Catawba 2,
Wateree 2, and Saluda 1; however, flow requirements to adequately protect these species were not determined because of the

need for extensive additional studies.

In general, the minimum flows needed to protect fishery resources were sufficient to also protect all other instream uses,
therefore the minimum flow requirement for fisheries was also that for the segment. However, minimum flow requirements for
navigation and unique ecological characteristics determined the overall minimum flow requirement for five stream segments
during certain time periods. Based on historic monthly flow data for the study segments, sufficient flow has been available in
most of the Piedmont segments to meet recommended minimum flow requirements, even during the driest months on record.
Streamflows in the Coastal Plain stream segments, however, may occasionally fall below the recommended minimum flow

requirements and impair instream uses.

The minimum flow requirements recommended in this report do not represent optimum flow conditions for the
respective instream uses, but rather, protect instream uses at an acceptable minimum-level below which some uses would be
impaired or eliminated. Because the scope of this study was to determine flow standards to protect only instream uses,
potential impacts of the recommended standards on offstream uses were not considered. Therefore, additional studies are
needed to quantify economic and operational impacts of the recommended minimum flow requirements on offstream uses

and upstream peaking hydroelectric power projects.

Although streamflows are naturally variable and occasional low flows may preclude some instream uses, water uses

that withdraw, divert, or





withhold water from stream channels can increase the frequency, duration, and severity of low flow occurrences. Only through
the implementation of minimum flow standards can adverse impacts to instream uses due to man’s activities be avoided or
reduced to acceptable levels. In the absence of a comprehensive program to manage streamflows, instream uses may be
protected to a limited extent in South Carolina by including minimum flow conditions on existing State and Federal permits
and licenses for projects that affect streamflows. The methods and results from this study provide a guide for the protection of

instream uses for stream segments throughout South Carolina.
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INTRODUCTION

South Carolina has over 11,000 miles of rivers and streams. These flowing waters support diverse plant and animal
populations in and along their channels, and serve as a vital resource to man for water supply, waste assimilation, power
generation, recreational opportunities, and aesthetic enjoyment. Man’s use of waters flowing within stream channels falls into
two general categories, offstream uses and instream uses. Offstream uses remove water from the stream channel and, depend-
ing on the use type, may return some portion back to the channel. Offstream water uses include such activities as industrial
processing, domestic water supply, agricultural irrigation, and condenser cooling for thermoelectric power plants.
Instream-uses include such activities and interests as navigation, recreation, wastewater assimilation, water quality mainte-
nance, aesthetics, hydroelectric power generation, and maintenance of fish and wildlife resources. The presence of a sufficient

amount of water in the stream channel is needed to perpetuate these uses.

Current and projected population and economic growth is placing increasing demands on streams for offstream uses
and instream uses alike. However, as withdrawals of water escalate, streamflows become limited and instream uses may
become impaired or eliminated. While the full extent of the instream flow problem in South Carolina is not yet known,
specific instream use problems have been identified in several streams. Many low-flow problems in South Carolina occur in

streams where flows are





highly regulated by peaking hydroelectric power facilities. Because power is only generated during periods of peak electric
demand, the water used to generate electricity is released through these facilities only when power demands are high. Such
releases typically occur during brief periods each day and result in highly variable flows and frequent low-flow conditions
downstream. In addition, the withdrawal or diversion of large portions of flow from major stretches of some streams has

greatly impaired, and sometimes eliminated, important instream uses in the affected stream channels.

Concern for protecting instream water uses first developed in western states where water supplies are more limited than
in the East and where water is.allocated to users under the appropriation doctrine of water rights. Historically, water was
allocated to offstream uses based on economic benefit and chronology of use, with little consideration of instream uses. Many
western states have since recognized the need to protect instream uses and have developed provisions to reserve a portion of
streamflow for these uses. While eastern states generally have abundant supplies of water, the concern for protecting instream
uses has intensified because rapidly growing offstream water use demands and hydroelectric development have increased the
frequency of instream use conflicts. Many states in the East have recognized the need to protect instream uses and have
initiated studies, developed policies, and enacted legislation to ensure the maintenance of suitable flows to support these
important uses. In the Southeast, instream flow concerns are addressed primarily through existing federal permit and license

procedures (e.g.
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Environmental Protection Agency 401 Water Quality Certification and Federal Energy Regulatory Commission hydroelectric
project licenses and exemptions). However, many states have conducted special studies and enacted legislation to help protect

instream uses.

The State of Georgia probably has one of the most comprehensive means of protecting streamflows through its state surface
water withdrawal permitting program. All withdrawals greater than 100,000 gallons per day (on a monthly average) require
permits by the State. Minimum flow requirements are included on these permits and withdrawals may be curtailed when

streamflows fall below the required minimum.

North Carolina has developed policies and procedures to address instream flow considerations and routinely conducts site
specific studies to determine minimum flow requirements. Furthermore, the State has the authority to designate “capacity use
areas” in regions where surface water supplies are determined to be limited. In such areas, permits are required for all water
withdrawals in excess of 100,000 gallons per day and minimum flow requirements may be included as permit conditions.
Although no surface water capacity use areas currently exist in North Carolina, the need for such areas is increasing and one

area is currently being evaluated.

Virginia has recently completed an instream flow study (Camp, Dresser and McKee, 1986) and is considering procedures to

implement study
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recommendations. Also, a Water Study Commission has been established to help address instream flow concerns, and a public

education program initiated regarding the importance of instream uses.

The Tennessee Water Quality Control Act authorizes that state to permit any activity which alters the “physical, chemi-
cal, radiological, biological, or bacteriological properties of any waters of the state;” and to specifically permit diversions of
water for the purpose of electric power generation. The State of Tennessee includes minimum flow requirements on state
“Aquatic Resource Alteration Permits” which are required for all significant withdrawals and diversions for hydroelectric

power projects.

In 1984, Alabama conducted a study to assess streamflows and water quality impacts from hydroelectric projects
(Alabama Department of Environmental Management, 1984). Results indicated low flow impacts below hydroelectric
projects throughout the state. Subsequent to the report, legislation has been proposed, although not enacted, to develop a

comprehensive water management program which included the protection of instream flow.
In South Carolina, the importance of maintaining instream water uses was recognized in a management plan for the
Yadkin-Pee Dee River Basin which recommended that the States of North Carolina and South Carolina “...develop criteria

for protecting all instream uses of water” (U.S.
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Water Resources Council, 1981). The Water Law Review Committee appointed by Governor Richard W. Riley in 1982 also
recognized the importance of instream uses, stating that: “’A minimum amount of water should be maintained to support
instream needs in rivers, streams and lakes. The State should, giving due consideration to existing uses, determine instream

flow needs and consider those needs in reviewing present and future development” (Governor’s State Water Law Review

Committee, 1982).

The Water Law Review Committee submitted the following specific recommendations regarding instream flow needs.

“I. That the State adopt a policy recognizing the need to maintain minimum stream flows;

2. That an agency, or agencies, be directed to determine the appropriate procedures for the establishment of
instream flow requirements;

3. That the State agencies be directed to consider the maintenance of minimum stream flow under their existing
authority until comprehensive instream flow legislation can be developed and implemented,

4.  That legislation to provide for the establishment and maintenance of instream flows be developed and imple-
mented in a timely manner;

5.

That all future construction affecting the flow of a stream or river be designed to accommodate minimum

instream flow needs.”
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The S.C. Water Resources Commission further addressed the issue of instream flows in the State Water Assessment
(S.C. Water Resources Commission, 1983). In addition to identifying existing and potential areas with instream flow conflicts,

the Commission concluded that:

“There is a general lack of recognition of the significance of instream flow needs”, and

“Adequate legal and institutional bases do not exist for the management of instream flows.”

In 1985, the General Assembly approved two bills that provided a level of protection for instream.uses during drought
and at sites of major interbasin transfers of water. The Drought Response Act of 1985 identifies instream use requirements as
one of a few “essential water uses” for which water use cannot be curtailed during periods of severe drought [S.C. Code
Section 49-23-70(c) (1976), as amended 1987]. The Interbasin Transfer of Water Act of 1985 requires the S.C. Water

Resources Commission, in making permit determinations of water transfers, to:
“Protect present, and consider projected stream uses of the losing river basin generally and of the losing river
specifically, including but not limited to, present agricultural, municipal, industrial and instream uses, and

assimilative needs” [S.C. Code Section 49-21-30 C(1) (1976), as amended 1987], and
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“Consider whether the project shall have any beneficial or detrimental impact on navigation, hydropower generation, fish and

wildlife habitat, aesthetics, or recreation” (S.C. Code Section 49-21-30 C(12) (1976), as amended 1987].

Also, the Act specifies:

“The permit shall require that the interbasin transfer shall cease or decrease when the actual flow of the losing basin is less
than a specified minimum required to protect against adverse effects to the basin.” [S.C. Code Section 49-21-30 F (1976), as

amended 1987], and

“No transfer of water may be permitted at any time which shall cause the remaining flow in the losing river basin to be less
than the statistical low flow that occurs for seven consecutive days, once every ten years as established prior to the interbasin

transfer.” [S.C. Code Section 49-21-30 E (1976), as amended 1987]
In other words, interbasin transfers of water must be decreased or discontinued when instantaneous flows in the stream of
withdrawal reach the minimum flow requirement, and that minimum flow requirements will always be equal to or greater than

the seven-day, ten-year low flow (7Q10).
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Regulation 19-450 under which the State Budget and Control Board’s permitting program for construction activities in
navigable waters is administered requires a permit for any construction, alteration, or flow modification in, on, or over

navigable waters of the State. Conditions placed on this permit may include minimum instream flow requirements.

The S. C. Department of Health and Environmental Control recognizes the importance of maintaining instream flows to
protect water quality. Minimum flow conditions are sometimes placed on 401 Water Quality Certifications issued by that
agency for federally permitted projects affecting the State’s waters. Also, the State’s Water Classifications and Standards
(Regulation 61-68) were revised in 1985 to include the protection of streamflows. In the discussion of antidegradation rules,

Section C(b) states:

“Existing uses and water quality necessary, to protect these uses are presently affected or may be affected by instream modifi-
cations or water withdrawals. Consistent with each riparian landowner’s right to reasonable use of water, the streamflows

necessary to protect existing uses and the water quality supporting these uses shall be maintained.”
Minimum instream flows have also been protected in South Carolina by including such conditions in Federal Energy Regula-
tory Commission (FERC) Operating Licences and Exemptions for hydroelectric power projects. The State and Federal

agencies primarily responsible for protecting instream
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uses and interests in South Carolina are the S.C. Water Resources Commission, S.C. Department of Health and Environmental
Control, S.C. Wildlife and Marine Resources Department, and U.S. Fish and Wildlife Service. These agencies routinely review

FERC license applications for hydroelectric power projects and provide comments to the FERC regarding minimum flow releases

from proposed projects to protect instream uses.
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STUDY OVERVIEW

In 1983, the South Carolina General Assembly in recognizing the importance of instream uses enacted a Joint Resolu-
tion (R115, H2549) authorizing a study of the instream flow problem in South Carolina (Appendix A). In the Joint Resolution,
the General Assembly recognized that instream uses are “...individually and collectively linked to the continued economic
well-being of industries, the health, safety, and welfare of all South Carolinians, and the general attractiveness of South
Carolina for future development.” In addition, the General Assembly found that “...the effects upon and need for protection of
instream uses of water ... will increase.” The resolution directs the S.C. Water Resources Commission to “...identify and list
the streams and watercourses of the State for which minimum flow levels need to be established, and prepare proposed

streamflow standards”.

In response to the Legislative directive, the S.C. Water Resources Commission initiated the Instream Flow Study. The
study was divided into two phases. Phase I involved the identification and listing of streams for which minimum flows need to
be established, and Phase II entailed the determination of minimum flow standards to protect instream uses in the priority

streams identified in Phase I.

At the beginning of the study, a committee was established to help advise the Commission during the study. The Water

Resources Advisory
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Committee (initially called the Instream Flow Advisory Committee) was composed of 23 members representing a broad
spectrum of water-related interests including local, State, and Federal government agencies and entities, industry, electric
power companies and environmental and professional organizations (Table 1). Committee members and other interested
parties were kept informed of study progress and were requested to review and comment on major aspects of the study
through written correspondence and periodic meetings. Their input was highly valued and generally incorporated into the
study plan. However, committee members served in an advisory capacity only and had no voting authority. Therefore, not all

members are necessarily in full agreement with study methods and findings.

Phase I of the study was completed in 1985 and a report was provided to the General Assembly (de Kozlowski, 1985). In the
first phase a mathematical procedure was developed to rank streams in priority order based on their potential for instream use
problems due to low flows. Natural and man-induced impacts on flows and the relative importance of each stream were
considered in the ranking process. Over 500 stream segments were evaluated, of which 15 were identified as having the
greatest need for streamflow protection. These priority stream segments included Whippy Swamp, Black Mingo Creek,
Jeffries Creek, Combahee River, Sparrow Swamp, South Saluda River, and portions of the Waccamaw River, Saluda River,

Coosawhatchie River, Wateree River, Catawba River, and Broad River.
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Table 1. Organizations and associated representatives comprising theWater Resources Advisory -Committee..

Organization
S.C. Department of Health and Environmental Control

S.C. Wildlife and Marine Resources Department
S.C. Coastal Council

S.C. Department Parks, Recreation and Tourism
S.C. Land Resources Conservation Commission
Governor’s Office

S.C. Department of Agriculture

S.C. State Development Board

U.S. Geological Survey

U.S. Army Corps of Engineers Charleston District
U.S. Army Corps of Engineers Savannah District
U.S. Fish and Wildlife Service

Soil Conservation Service

State Farm Bureau

Electric Utilities

Environmental Groups

State Chamber of Commerce

State Council of Governments

Water Pollution Control Federation

S.C. Electric & Gas Company
Municipalities

Municipal Water Supply
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Representative
Russ Sherer

Ed Duncan

Stephen Snyder

Bill McMeekin

Penny Kimrey

Bill Marshall

William H. Busbee

Russ McCoy

Carroll Barker

David Harris

Leroy Crosby

Diane Duncan

Brian Schmidt

Larry McKenzie

Jim Hendricks (Duke Power Company)
Betty Spence (S. C. Wildlife Federation)
Nick Odom (Springs Mills, Inc.)

Bill James

Doug Wendel (Grand Strand Water
and Sewer Authority)

Jack Preston
Dawkins Dennis (City of Newberry)

John Bettis (Charleston Commissioners of
Public Works)





Phase II of the study was initiated in 1984 with development of the study methodology, and field studies were conducted from

1985 through 1987. This report presents the results of Phase II of the Instream Flow Study.

Description of Study Sites

Studies were conducted on nine of the original 15 priority stream segments identified in Phase I. Three segments were
eliminated because of tidal influences and three because of time limitations and low priority ranking. Six of the study seg-
ments were located in the Piedmont portion of the State and three were in the Coastal Plain (Figure 1). Study segments ranged
in length from five miles to 30 miles. Streamflow of all Piedmont stream segments was regulated to some extent by releases

from hydroelectric projects, while Coastal Plain segments experienced little or no regulation of flows.

Following reconnaissance of these segments, thirty-one study sites were established to collect site-specific data to determine
minimum flow requirements for each stream segment. The study sites were located primarily at sandy and rocky shoal areas
because these areas are the first and most affected by reduced flows and serve as critical sites for fish and boat passage. These
are also important locations for fish food organisms and fish spawning activities. Data from up to six study sites per stream

segment were collected. Table 2 provides location descriptions of each of these sites.
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Table 2. Location description of study sites.

Stream
Segment

Catawba 2(a)

Catawba 2(b)

Wateree 2

Wateree 1

Saluda 4(a)

Saluda 4(b)

Saluda 2

Site
Number

1

2.2

1.1

1.2

Location Description

River Mile (R.M.) 135.7; approx. 0.5 mile
downstream from U.S. Hwy 21 bridge, York County

R.M. 115.9; at Lansford Canal State Park,
Chester/Lancaster County line

R.M. 114.8; at Lansford Canal State Park,
Chester/Lancaster County line

R.M. 75.4; approx. 0.75 mile below Wateree
Dam, Kershaw County
R.M. 74.7; approx. 1.5 miles below Wateree
Dam, Kershaw County
R.M. 73.7; approx. 4.5 miles upstream of
U.S. Hwy 1 bridge near Camden, Kershaw
County
R.M. 66.2; 1000' upstream of I-20 bridge,
Kershaw County

R.M. 25.3; approx. 1000' downstream of U.S.
Hwy 378 bridge, Richland/Sumter County line

R.M. 125.3; USES gage 1630 near Felzer on
Greenville/Anderson County line

R.M. 124.8; 0.5 mile downstream of USGS gage
1630 near Pelzer, Greenville/Anderson County
line

R.M. 110; 0.5 mile downstream of Holidays
Bridge Hydroelectric Plant, Greenville/
Anderson County line

R.M. 64.3; approx. 1.75 miles below Buzzards
Roost Hydroelectric Plant, Greenwood/Newberry
County line
R.M. 64.3; approx. 1.75 miles below Buzzards
Roost Hydroelectric Plant, Greenwood/Newberry
County line
R.M. 58.7; approx. 0.5 miles upstream of S.C.
Hwy 39 bridge near Chappels, Saluda/Newberry
County line
R.M. 56.1; approx. 2.1 miles downstream of
S.C. Hwy 39 bridge at Chappels, Saluda/
Newberry County line
R.M. 53.0; approx. 5 miles downstream of S.C.
Hwy 39 bridge at Chappels, Saluda/Newberry
County line
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Table 2., cont’d.

Stream
Segment

Saluda 1

Coosawhatchie

Jeffries Creek

Whippy Swamp

Site
Number

2

4.1L

4.1R

1.1

1.2

Location Description

R.M. 8.6; Corley Island approx. 0.75 miles
below Hope Ferry Landing, Lexington County
from U.S. Hwy 21 bridge, York County
R.M. 7.9; approx. 1.4 miles below Hope Ferry
Landing, Lexington County
R.M. 3.8; just below I-26 bridge, Richland/
Lexington County line (left channel)
R.M. 3.8; just below I-26 bridge, Lexington
County (right channel)
R.M. 3.5; below 1-26 bridge, Lexington County
R.M. 2.8; at USGS gage 1690, Richland/Lexington
County line

R.M. 34.2; approx. 500" downstream of U.S. Hwy
601 bridge near Hampton, Hampton County

R.M. 34.0' approx. 500' upstream of U.S. Hwy
601 bridge near Hampton, Hampton County

R.M. 5.6; approx. 500' downstream of County
Road 24 bridge, Florence County

R.M. 6.0; approx. 0.25 mile upstream of
County Road 24 bridge, Florence County

R.M. 10.9; approx. 200' downstream of S.C.
Hwy 327 bridge, Florence County

R.M. 11.0 approx. 100' upstream of S.C. Hwy
327 bridge, Florence County

R.M. 12.0; approx. 600" upstream of County
Road 28 bridge, Hampton County

R.M. 8.6; approx. 600' downstream of County
Road 43 bridge, Hampton County

R.M. 1.7 approx. 600" upstream from County
Road 13 bridge, Hampton/Allendale County
line
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REVIEW OF EXISTING INSTREAM FLOW METHODS

Numerous methods have been developed to assess minimum flow requirements for instream uses (Table 3). Most of these
methods were developed for the protection of fishery resources, but other instream uses have also been addressed. Since
comprehensive reviews are available which categorize the methods and describe their advantages and disadvantages (Wesche
and Rechard, 1980; Loar and Sale, 1981; Camp, Dresser and McKee, 1986; EA Engineering, Science, and Technology, Inc.,
1986), there is no attempt to repeat these previous efforts in this report: The following discussion, based largely on Loar and

Sale (1981), briefly reviews the major categories and types of instream flow assessment methods currently available.

The assessment of instream flow needs can be categorized into four levels of analysis based on 1) resolution, 2) data needs,

and 3) cost required for the analyses. These heirarchical divisions of analysis are also useful in categorizing instream flow

methods (Table 3).

Requirements for data and cost of the methods in each level escalate as a function of complexity (Figure 2). The methods are
categorized into levels according to their data requirements, which range from the use of historical records without field data
to developing hydraulic ratings based on single-transect field surveys, to modeling with multipletransect, habitat rating
methods. All of the methods involve certain subjective assumptions about stream environments and the behavior of riverine

ecosystems.
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Table 3.

Level

II

III

Major instream flow methods by level of analysis (Sources: Camp,
Dresser and McKee, 1986; EA Engineering, Science, and Technology

Inc., 1986)
Type/Name

Fixed Percentage
-Tennant Method
(Montana Method)

Constant Yield

-New England Method
(NEFRP)
-Connecticut River
Basin Method

Flow Duration

-Hoppe Method

Finnell 1970

-Iowa Method

-NGPRP Method

-Washington Base Flow
Method

7Q10 Method

Habitat-Discharge

-Wetted Perimeter
Method (Washington
Rearing Method)

-USFS Region 2 Cross
Method (Colorado
Method, Critical
Area Method)

-USFS Region 4 Method

Usable Width

-Oregon Method

-Weighted Usable Width
Method

Preferred Area
-Washington Spawning
Method
-Waters Method
(California Method)

IFG Incremental
Methodology

References

Tennant 1975,1976

USFWS 1981, Knapp 1980,
Larsen 1980
Robinson 1969

Hoppe 1975, Hoppe &

Dougal 1979
NGPRP 1974

Collings 1974

Russell & Mulvaney 1973,
Silvey 1976

Dunham & Collotzi 1975

Thompson 1972, 1974
Sams & Pearson 1963

Collings 1972,1974

Waters 1976

Bovee 1982, Hyra 1978

Use

fish,
aesthetics,
recreation

fish

fish

fish

Collings 1974
water quality

fish

fish

fish

fish
fish

fish

fish

fish,
recreation










The levels are classified according to the objectives of their respective methods. Level I studies provide simple, cursory
assessments without field work, based on a set of assumptions about minimum flows necessary to preserve stream biota. Level
II studies attempt to substantiate some of these assumptions through field measurements to determine the response of physical
parameters to changes in streamflow. Level III analyses go a step further to illustrate the response of biological indicators to
changes in discharge. Finally, the as-yet-undeveloped Level IV analyses would seek to actually measure biological responses

to changes in flow.

Methods included in the first level require no site-specific field survey work. These use existing historical discharge
records to determine mean or median flows of a particular stream site, from which minimum flow recommendations are
derived based on a chosen reference flow. Level I methods are considered office methods, and can be conducted at very low
cost. Level I analyses are often used for reconnaisance purposes to arrive at simple and rapid assessments or to serve as an
overview of the range of conditions one might expect with a more detailed assessment. However, because site-specific factors

are generally not considered, a relatively large possibility for error exists in the selection of instream flow requirements.

Level II analyses require collecting site-specific data at one or more flows from a single transect representative of a

stream reach (such as
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from a riffle, run, pool, etc.). With direct field measurements, the response of physical parameters in the aquatic environment
to changes in streamflow is determined. Water surface elevations may be measured at different flows, or, to decrease the need
for field work, data from one flow may be used to calibrate a hydraulic model that predicts water surface elevations at other
flows. Instream flow recommendations are then made based on the relationship between flow and various habitat parameters
of a site, such as mean depth, width, velocity and wetted perimeter. These studies are more costly to perform than those of
Level I, but the supporting field data improves their resolution. Level II analyses are valuable in assessing hydraulic condi-
tions in ecologically significant areas affected by flow regulation. However, in most cases the instream flow recommendations
produced at this level would not be based on detailed knowledge of the habitat requirements of any species, and may not be

representative of species preferences.

Level Il analyses incorporate subjective habitat ratings based on species-specific requirements using data from
multiple transects of representative stream reaches. Habitat suitability curves are generated and habitat indices determined.
Biological response curves are then developed to show the relationship between habitat and discharge. Level I1I analyses are
significantly more costly and complex than those of Levels I and II. The complexity of the different methods within Level 111

varies with the size and flow characteristics of the stream and the degree of resolution desired.
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Currently in the research-and-development stage, Level IV analyses would employ multiple transects and habitat ratings to
model and predict biological responses to flow regulation. Unlike the other methods, these would attempt to eliminate many
of the implicit assumptions, and to actually measure biological responses to changes in flow. Responses could be evaluated as
survivorship or fecundity of individuals, production of a given species, or alterations in community structure or function.
Examples of applications are not yet available, although in 1980 the Susquehanna River Basin Commission initiated efforts to

develop a fish population model that included usable area parameters.

A brief description of the major instream flow assessment methods by category follows.

Fixed Percentage

One of the simplest and most widely used instream flow methods is the Tennant, or Montana Method. Minimum flow require-

ments are determined for aquatic resources (fisheries, recreation, and aesthetics) based on fixed percentages of mean annual

flow. The method was developed following studies on hundreds of warmwater and coldwater streams located in northern,

mid-western, and western states.

Various degrees of resource protection are attained by using different percentages of average flow (Table 4). Following flow

calculations, site
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visits are recommended at flows approximating 10, 30, and 60 percent of average flow to observe and photograph different
habitat types (riffles, runs, pools, etc.). Based on field observations, a minimum instream flow is determined which is consid-
ered the most appropriate and reasonable and which best provides protection of the aquatic resources. While field observa-
tions are recommended, this method is often used without them, and minimum instream flow determinations are based on

Tennant’s brief description of flows and associated percentage of average flows (Table 4).

The advantage of this method is that it provides a quick assessment of instream flow needs. However, the mean flow statistic
may not be representative of actual conditions due to the skewed nature of stream flow events. The median flow may prove a

more accurate measure of central tendencies in hydrologic data..

Table 4. Instream flow regimens for fish, wildlife, recreation, and related environmental resources (from Tennant,
1976).
Narrative Description Recommended Base Flow Regimens
of Flows Oct - Mar Apr - Sept
Flushing or Maximum 200% of the average flow
Optimum Range 60% - 100% of the average flow
Outstanding 40% 60%
Excellent 30% 50%
Good 20% 40%
Fair or Degrading 10% 30%
Poor or Minimum 10% 10%
Severe Degradation 10% of average flow to zero flow
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Constant Yield

Constant yield type methods provide minimum flow recommendations based on median monthly flows and a constant yield
per basin area (i.e. runoff per square mile). The most common method in this category is the New England Method (NEFRP).
For unregulated streams with drainage areas greater than 50 square miles and historical flow records of 25 years or more
(within 10 percent accuracy of gage), the median monthly flow for spawning and incubation periods is used to evaluate
instream flow needs. For engaged streams, flow needs are estimated by calculating a constant yield factor (runoff per basin
area) for low-flow periods for the entire region, and applying that to a specific site. The instream flow recommendation from
this procedure is called the aquatic base flow and is equal to the August median monthly flow for the New England region
where the method was developed. The September median monthly flow is generally used to determine the aquatic base flow in

the Southeast because September is typically the month with the lowest median flow.

The aquatic base flow has been recommended as the minimum instantaneous discharge immediately below dams during
normal runoff conditions. During low flow periods when inflow to the reservoir is less than the aquatic base flow, a minimum
release equal to the inflow is requested. The aquatic base flow is assumed to be adequate for all periods of the year unless
additional releases are necessary for fish spawning and incubation. Because it is based on monthly statistics, the method is
useful in adjusting for seasonal variability in flow needs. Another advantage is that the method does not require extensive field

surveys.
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Flow Duration

Flow duration curves show the percentage of time that streamflow has been equalled or exceeded at a particular site during the
period of years flows have been recorded. Methods in this category include the Hoppe Method, lowa Method, Washington
Base Flow Method, and Northern Great Plains Resource Program (NGPRP) Method. The NGPRP Method modifies flow
records by using a Student’s t distribution to identify and remove the extremes of flood and drought. After the set of historical
flows are normalized in this way, instream flow recommendations are made for each month based on flows that equal or
exceed a chosen percentile of the observations in the record. The 90th percentile is typically used, although the State of lowa

uses an 84th percentile low-flow statistic.

The procedure is repeated for each month, excluding those in which high flows occur (i.e. spring months). The median flow of
record is used as the instream flow recommendation in high flow months. Hoppe and Finnell (1970) include equations to

extrapolate flows to sites above or below U.S. Geological Survey gaging stations based on watershed area.

Flow duration analyses that utilize seasonal percentile flows are the preferred approach. While the method requires no field
work, it does require at least 20 years of flow records. In addition, recommended minimum percentiles are region-specific,

and may not necessarily protect aquatic conditions in other regions.
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7010 Method

The seven-day, ten-year low flow (7010) is a commonly used flow, defined as the lowest average flow over seven consecutive
days with a probability of occurring once every ten years. It is often used by state water quality agencies in determining
treatment requirements for wastewater discharges. The 7010 flow is considered conservative in protecting water quality
because the frequency of occurrence is very low and adequate waste assimilation at average flows is assured. Therefore, water
quality conditions should be protected at flows equal to or exceeding 7010 flows through state water quality permitting

programs.

While 7010 has been used as a minimum flow requirement to protect all instream uses, its applicability should be limited to
maintaining water quality standards. Even then; the use of 7Q1O has questionable application in streams with poorly sustained
low flows (such as Coastal Plain streams where 7010 flows approach zero) and highly regulated streams, where historical

regulation can greatly affect flow statistics.

Habitat-Discharge

Methods in this category assess minimum flow needs based on the relationship of flow to physical, flow-dependent param-

eters, such as surface width, wetted perimeter, depth, velocity, or cross sectional area. The advantage of these methods is that

they account for site-specific effects related to flow, whereas previous methods do not.
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The relationship between flow (discharge) and a physical parameter is typically graphed as a habitat-discharge curve.
The graph is interpreted either in terms of relative change from some reference flow, such as 25 percent of bank full flow (75
percent habitat retention), or in absolute terms, such as identifying the point of greatest habitat loss (Figure 3). For the latter,

the break point, or inflection point, denotes the threshold below which conditions rapidly diminish.

The most common habitat-discharge type method is the Wetted Perimeter Method. This method provides information on
the amount of streambed that is covered with water at different flows. Wetted perimeter is defined as the length of wetted
contact between the stream and its channel, measured perpendicular to the direction of flow. Transects placed across critical
locations of the stream segment are surveyed to determine streambed profiles. Relationships between water surface elevations
and flow are determined from field measurements and/or modeling techniques. For each transect, a graph depicting wetted
perimeter as a function of flow is developed (Figure 3). The minimum instream flow requirement is determined for each
transect by identifying the point on the curve where there is a substantial decrease in wetted perimeter with change in flow.
This point is refered to as the inflection point or break point. The flow corresponding to the inflection point on the curve is

used as the minimum instream flow value. Flows below this point could result in severe degradation of aquatic habitat.
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Transects are placed at riffle and shoal sites. These areas are important locations for fish spawning activities and passage
upstream. Therefore, dewatering of these sites could severely impact fish migration and reproduction. In addition, riffle and
shoal areas are the first to be affected by reduced flows so are the most critical areas to study. These areas also show distinct

inflection points on the wetted perimeter-flow curves.

Advantages of the wetted perimeter method include: (1) site specific instream flow determination, (2) minimal field work
compared to other methods requiring field data collection, and (3) the ability to demonstrate changes in habitat availability
(wetted perimeter) with changes in flows. For these reasons this method is one of the more popular methods for determining

flow requirements for fisheries resources.

A principal concern for the use of this method is that it does not consider the depth of water covering the wetted portion of the
streambed. If the wetted area is too shallow, then fish will be unable to utilize it for spawning, feeding, or passage. In the
strictest application of the method, water depth is not considered; however, sufficient data is collected at each transect to
graph the streambed profile and determine water depths at various flows. Therefore, for a given transect, water depth above a
critical wetted portion of the stream channel can be determined at the identified minimum flow level, if desired. Another
concern is that the selection of the breakpoint is somewhat subjective and its distinction is dependent on the shape of stre-

ambed profile (Figure 4).
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The U.S. Forest Service (USFS) has developed a few habitat evaluation methods using various regional approaches
used to describe aquatic habitat. Principle among these for determining minimum instream flow needs are the USES Region 2
Cross Method and the USFS Region 4 Method. In general, these two methods use the physical parameters of mean velocity,
wetted perimeter, cross-sectional area, maximum depth or hydraulic radius. A habitat-discharge curve is prepared for the
parameter of interest, and a habitat retention criterion (at least 80 percent of the index flow habitat value) or an inflection
point criterion is applied to produce instream flow recommendations (Wesche and Rechard 1980, Loar and Sale 1981).

Distinct differences exist between these regional approaches. Whereas the Region 4 Method utilizes multiple transects,
the Region 2 Cross Method uses one representative critical area, usually delimited as the shallowest cross-section in the reach
being investigated (Wesche and Rechard, 1980). In addition, the Region 4 Method applies habitat rating values to different

water stages.

Usable Width

This type of method assesses, as usable or unusable, the velocities and depths associated with flows required for fish
passage, spawning, incubation, and rearing. The Usable Width Method requires collection of data from transects placed in

limiting habitat of a stream channel (e.g. restrictions to passage or spawning beds). Transect data is collected at
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several flows, and habitat-discharge curves are constructed with usable width as the flow-dependent variable. Instream flow

recommendations are based on the percentage of total stream width that is “usable” by target fish species.

The method was developed in Oregon to determine minimum acceptable flows for salmonid fishes. Criteria used in
Oregon for fish passage were flows at which usable width was at least 25 percent of the total transect width and continuous for
at least 10 percent of the total width. The minimum flow recommendation at critical spawning transects is a suitable flow over

80 percent of the available gravel (Thompson, 1972).

A variation of the usable width method is the Weighted Usable Width Method. Instead of habitat being usable or
unusable, this latter method utilizies weighting factors (ranging from 0.0 to 1.0) to denote the relative degree of usability.

Also, this method requires uniform subdivision of the stream transects.

A major advantage of the usable width methods is that periodicity charts can be constructed and seasonal flow recom-
mendations made that indicate the requirements of critical life stages that need protection. However, because the weighting is
subjective, local site-specific preferences of fish must be accurately represented. Weighting factors should therefore be

assigned based on opinions of fisheries experts or on probabilities of fish presence.
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Preferred Area

This method involves quantifying instream habitat on a two-dimensional, areal basis rather than on width. Its principle use has
been to quantify the area of streambed available for salmon spawning at different flows. No hydraulic simulation modeling is

used to predict conditions at flows other than those observed.

To determine preferred depths and velocities specific to spawning, and therefore the portions of a stream suitable for spawn-

ing, four transects are run across a potential spawning site. Isopleth maps of the streambed are drawn to illustrate the distribu-
tion of hydraulic parameters at a fixed flow. The procedure is repeated for a minimum of five different streamflow conditions,
and, based on biological criteria a response curve of suitable spawning area versus discharge is developed. The preferred flow
is that which provides the maximum suitable area. Instream flow recommendations are in the form of habitat retention criteria,

set at the flow which maintains 75 percent of the maximum spawning area.

IFG Incremental Methodology

This “state-of-the-art” method was developed by the Cooperative Instream Flow Service Group (IFG) of the U.S. Fish and

Wildlife Service to simulate stream conditions analagous to actual field conditions. The habitat evaluation procedures are

known as the Incremental Methodology.
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The procedure utilizes a computer model to analyze data collected from multiple transects, each subdivided into a matrix of
rectangular cells, placed across representative or critical stream reaches. Through interpolation, the physical habitat param-
eters of mean velocity, mean depth, and mean substrate type are simulated by the model. Computer models to predict changes
in water quality and temperature have recently been developed. By weighting these habitat parameters in terms of preferences
of various life stages of target species, species-specific suitability functions can be calculated. IFG source files may be used to
develop suitability functions necessary to calculate weighted usable area, but site-specific habitat suitability indicies for target
species are encouraged. Using the computer package (PHABSIM), habitat suitability is used to compute weighted usable area.
Serving as an index of habitat quantity and quality, weighted usable area for each target species life stage (spawning, fry,
juvenile and adult) is ultimately plotted against flow (Figure 5). Instream flow recommendations can then be made on fixed

percentile habitat quality or on a habitat-duration basis.

Though complex in data requirements and operation, this methodology is designed to provide a thorough representation of
habitat suitability with relation to flow. The major assumption of this methodology (and other habitat response methods) is
that a direct relationship exists between available habitat and fish production. However, validation of this relationship has

been questioned (EA Engineering, Science, and Technology, Inc., 1986).
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METHODS

Development of Study Methodology

The study plan for Phase I was developed with the assistance of the Water Resources Advisory Committee. Committee
members reviewed existing instream flow methods and provided initial recommendations for study plans, and later reviewed

and commented on draft methodologies.

Based in part on Committee comments and review of the literature, a study plan that implemented, evaluated, and modified

several different methods was selected over a single method approach for the following reasons:

(1) All existing methods-have been developed and used primarily in northern and western states. Since there are
some regional differences in stream characteristics, the applicability of these methods must be tested on southeastern streams

before adoption and implementation.

2) Characteristics, such as slope, substrate, and cross-sectional profile, are often very different between streams
located in separate physiographic regions of South Carolina (Coastal Plain, Piedmont, Blue Ridge). Existing methods must be
tested on streams occurring in each of these regions. Then, if necessary, these methods should be modified to compensate for

differences in stream characteristics to best assess instream flow needs.
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3) South Carolina has constitutionally and legislatively declared an interest in maintaining public use of navigable
streams. Methods to assess minimum flow needs for navigation, however, are not readily available. The S.C.
Water Resources Commission, which is the agency principally responsible for maintaining navigability in
designated streams, developed a draft method to identify minimum flow needs for navigation. While the draft

method appeared reasonable and workable, it needed to be tested on several streams and further refined based on

field observations.

@) Most states which maintain minimum levels of instream flow either do so primarily to protect fishery resources
or have found that flows which protect fish habitat also protect other instream uses and interests. Consequently,
most existing methods are designed to identify flow needs for maintaining fish habitat. While the maintenance of
fishery resources is an important consideration, other uses and interests in South Carolina streams are also
important. Before the premise that flows which support fisheries also support other uses could be accepted,

minimum flow needs had to first be identified for each recognized instream use and compared.
A preliminary study plan was developed which included several existing instream flow methods (Tennant, Wetted
Perimeter, Usable Width, 7Q10) and a draft method to determine minimum flow requirements to support navigation. The trial

study methodology was implemented and, based on
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field observations, the individual methods and overall methodology were evaluated and refined. The final methodology was

used to determine minimum flow requirements for priority stream segments.

Study Methodology

Each stream segment was visually surveyed during low flow conditions to identify shallow areas (shoals, riffles, sandbars)
that appeared to restrict navigation and fish passage and\or experienced extensive aquatic habitat loss at low flows. The total
length of all Piedmont stream segments were surveyed by boat and the most restrictive shoals were selected as study sites. The
smaller Coastal Plain streams (Whippy Swamp, Jeffries Creek; and Coosawhatchie River) were surveyed by wading portions
of the stream segments from bridge crossings. Because numerous shallow sandbars of relatively equal restriction to passage
occur in these stream segments, representative shallow areas located close to bridge crossings were selected as study sites. To
help assess minimum flows needed along the entire stream segment, study sites were selected from the upper, middle, and

lower portion of all segments where possible.
Temporary bench marks were established at each study site, and streambed profile and water surface elevations were sur-
veyed. Streamflow was measured using U.S. Geological Survey techniques. U.S. Geological Survey gaging stations were used

to determine streamflows where they were in close proximity to a study site. At least two additional site visits
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were made to measure water surface elevations (stage) at various streamflows discharges) in order to develop stage-discharge
relationships at each site. During each site visit, the relative degree of navigability was noted and photographs were taken to

document study site characteristics during different flows.

All field data was double checked for accuracy, transferred to summary sheets, and entered into a computer for calculations of
stage-discharge regression equations, wetted perimeter, and for graphical display of study site cross-sections and wetted

perimeter data.

Instream uses and interests were identified for each study site using data compiled during Phase I. Minimum flow require-

ments were determined for all appropriate instream uses for each study site using the following methods.

1. Navigation

South Carolina Navigation Method

2. Water Quality

Seven-day, ten-year low flow (7Q10)

3. Fishery Resources
a. Tennant Method
b. Wetted Perimeter Method
c. Usable Width Method
Results from the above three methods were reviewed by the S.C.
Wildlife and Marine Resources Department and final minimum flow
requirements for fishery resources were determined by that

agency.
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4. Hydroelectric Power Production (run-of-river) Minimum turbine capacity.

5. Threatened and Endangered Species
Assessment of ecological requirements needed to protect species

of concern.

6. Unique Ecological Characteristics

Wetted perimeter and cross-section analysis.

Recommended minimum flow requirements for each priority stream segment were determined by selecting the highest
minimum flow value of all use categories of all study sites within a segment. This procedure is based on the premise that by
protecting the most sensitive instream use, all others are also protected. Exceptions to this procedure occurred when field
observations indicated that lower flows adequately protected specific instream uses, or when results at a particular study site
were exceptionally higher than other sites due to atypical channel morphology. The results from this methodology should

protect instream uses at an acceptable minimum level.

Methods Description

Navigation

The method used to determine minimum flow requirements for navigation was developed by the S.C. Water Resources

Commission and is based on State
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law that protects the right of navigation by small pleasure or sport fishing boats on designated State navigable waters. The
method was tested and modified during the study. The final method yields reasonable results that adequately protect naviga-
tion at a minimal level. Actual navigation of the streams at the recommended minimum flows requires staying within the
deepest channel and experiencing occassional difficulty in shoal and shallow areas; however, passage of difficult areas should
not require getting out and pulling the boat past obstructions. Instream flow requirements for navigation were determined as

follows:

(1) Identify all shallow areas and shoals where navigation may be most restricted at low flows. omit large shoals

where passage using a 14 foot Jon-boat is determined to be too difficult at low flows but too dangerous at higher flows.

2) Survey the streambed profile and water surface elevations, and measure flow at each critical site. After measur-

ing water surface elevation (stage) and flow (discharge) at each site for at least three different flows, develop stage-discharge

relationships.

3) Determine the desired level of navigation at each site based on the following categories:

(a) One-way navigation

Passage of a 14 foot Jon-boat without a motor in the downstream direction only. This would apply to passage through
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rocky shoals in Piedmont streams and shallow areas in small Coastal Plain streams.

(b) Two-way navigation
Passage of a 14 foot Jon-boat with a motor in either direction. This level of navigation is expected in runs and pools

of Piedmont streams and in the most critical sites of large Coastal Plain streams.

4) Graphically display the streambed profile and visually determine the minimum water surface elevation and compute

the associated flow that provides the desired level of navigation using the following criteria:

(a) One-way navigation

A minimum depth of one foot across a channel 10 feet wide or across 10 percent of total stream width, whichever is greater.

Minimum depth does not need to occur across a continuous 10 percent of stream width, but each point of passage must be at

least 10 feet wide.

For example, for a study site 200 feet wide, the minimum level for navigation may be that at which two 10 foot wide channels

have a minimum depth of one foot, instead of a single 20 foot wide channel with a minimum depth of one foot.
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(b) Two-way navigation

A minimum depth of two feet across a channel 20 feet wide or across 20 percent of total stream width, whichever is greater.
Minimum depth does not need to occur across a continuous 20 percent of stream width, but each point of passage must be at

least 10 feet wide.

5) List the minimum flows needed to support the desired level of navigation at each site and select the highest of
these flows as the minimum flow needed to maintain navigation throughout the stream segment. The final minimum flow

determination may be adjusted based on field observations and navigation experienced at known flows.

Water Ouality

The S. C. Department of Health and Environmental Control assures the protection of water quality standards and aquatic life
in streams at flows equal to or greater than the seven-day, ten-year low flow (7Q10) through its National Pollutant Discharge
Elimination System Permit Program and 401 Water Quality Certification process. Therefore, the 7Q10 flow was selected as

the minimum flow needed to adequately protect water quality conditions.

54





Fishery Resources

Three methods were used to assess minimum flow requirements to protect fishery resources. These were the Tennant
Method, Wetted Perimeter Method, and Usable Width Method. Each method was used as described earlier, with the following

modifications:

(1) Tennant Method

Flows equal to 10 percent and 30 percent of average annual flow were calculated for each priority stream segment.
Each study site was observed and photographed at a variety of flows; however, special effort was made to observe the sites at
10-30 percent of average flow. Photographs-of the study sites at different flows were reviewed with fishery biologists of the
S.C. Wildlife and Marine Resources Department. Minimum flow determinations were based, in part, on conditions described

by Tennant (1976) at 30 percent of average flow:

“This is a base flow recommended to sustain good survival habitat for most aquatic life forms. Widths, depths, and
velocities will generally be satisfactory. The majority of the substrate will be covered with water, except for very wide,
shallow riffle or shoal areas. Most side channels will carry some water. Gravel bars will be partially covered with water

and many islands will provide wildlife nesting, denning, nursery, and refuge habitat. Streambanks will
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provide cover for fish and wildlife denning habitat in many reaches. Many runs and most pools will be deep enough to serve
as cover for fishes. Riparian vegetation will not suffer from lack of water. Large fish can move over riffle areas. Water
temperatures are not expected to become limiting in most stream segments. Invertebrate life is reduced but not expected to
become a limiting factor in fish production. Water quality and quantity should be good for fishing, floating, and general
recreation, especially with canoes, rubber rafts, and smaller shallow draft boats. Stream esthetics and natural beauty will

generally be satisfactory.”

(2) Wetted Perimeter Method

As defined earlier, wetted perimeter is the length of wetted contact between the stream and its channel, measured perpendicu-
lar to the direction of flow. Transects were located at shallow areas (riffles, shoals, and sand bars) on each stream segment.
These sites were selected because shallow areas are the first to be affected by reduced flows, show distinct break points on the
wetted perimeter/flow curves, and are critical locations for fish food organisms, fish spawning activities, and fish passage

upstream.

Temporary bench marks were established at each study site and the sites were surveyed for streambed profile and water

surface elevations. Streamflow data was derived from flow measurements at the study site or
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from a U.S. Geological Survey gage, when one was in close proximity to the site. At least two additional site visits were

conducted to measure water surface elevations and streamflow.

All survey and discharge data were double checked for accuracy and entered into a computer for graphical output of each
transect and development of stage-discharge relationships at each site. Wetted perimeter (in linear feet) was calculated at 0.1
foot increments from the bottom of the streambed to the highest elevation of the cross-section. Graphs were then developed
plotting wetted perimeter versus flows associated with the 0.1 foot increments of water surface elevations (Appendix C).
Minimum flow requirements were determined for each site by identifying the break point below which wetted perimeter

rapidly decreased with decrease in flow.

(3) Usable Width

Cross-sectional data derived from all study sites selected for navigability and wetted perimeter analyses were used to deter-
mine usable width. Depth and width criteria for the passage of striped bass (Piedmont streams) and red-breast sunfish (Coastal
Plain streams) were provided by the S.C. Wildlife and Marine Resources Department. The criteria for passage of these fishes

through shallow areas were:
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Striped bass (Morone saxatilis)
Depth - 1.5 ft
Width - 10 ft

Red-breast sunfish (Lepomis auritus)
Depth - 1 ft
Width - 8 ft

Minimum water surface elevations that adequately provided a channel of the appropriate depth and width were determined
with assistance of computer graphics. The flow which corresponded to the minimum water surface elevations was calculated

and used as the minimum flow requirement.

Hydroelectric Power Production (run of river facilities only)

The minimum flow requirement to protect this use category was based on minimum turbine capacity, which is the minimum
flow at which the facility can economically generate power. These flows were provided by the licensed operators, Duke Power
Company (Holidays Bridge Hydroelectric Plant) and Soft Care Apparel, Inc. (Upper and Lower Pelzer Hydroelectric Plants).
Only run-of-river facilities were included because operation of these facilities is directly dependent upon inflow. Therefore,
when streamflow is less than turbine capacity this use is eliminated. Peaking hydroelectric plants were not included because

they generally have sufficient water in reservoir storage to continue operation even during brief periods of low flow.
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Threatened and Endangered Species

Endangered species personnel at the S.C. Wildlife and Marine Resources Department were consulted regarding identification
of and ecological requirements for species of concern. Flows to satisfy species needs would be determined for each stream

segment as needed.

Unigue Ecological Characteristics

Cypress-tupelo swamps associated with Coastal Plain streams were the predominant unique ecological characteristics consid-

ered in this category. Because periodic flooding of these. areas is important to continued viability, flood elevations were

identified using the Wetted Perimeter Method and streambed profiles. The flood elevations were used as the minimum flow

requirements for the January through April time period for streams with these resources.
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RESULTS

A total of 33 study sites were established on nine priority stream segments. Two sites were eliminated from final analysis
because of errors in the original site survey. Two of the original stream segments, Catawba 2 and Saluda 4, were divided into
subsegments following data analysis (Figure 1). This division was made because streamflows in the lower portions of the
segments were substantially greater due to tributary inflow, and results from all methods consistently indicated the need for
higher minimum flow in the lower site than the upper. Separate minimum flow requirements, therefore, were determined for
each subsegment. The upper portion of Catawba 2 (Catawba 2a) extends from the Lake Wylie Dam to the confluence of Sugar
Creek, and the lower portion (Catawba 2b) extends from Sugar Creek to the headwaters of Fishing Creek Reservoir. The
upper portion of Saluda 4 (Saluda 4a) extends from the Piedmont Hydroelectric Plant to S.C. Highway 47 bridge, and the

lower portion (Saluda 4b) extends from the Holidays Bridge Hydroelectric Plant to U.S. Highway 76 bridge.

Minimum flow requirements adequate to provide minimal protection for each instream use occurring in the priority stream
segments are presented by study site in Tables 5 and 6. Streambed profiles and wetted perimeter graphs for each study site are
presented in Appendices B and C, respectively. Recommended minimum flow requirements to protect all instream uses for
each priority stream segment are presented in Table 7. All minimum flow requirements are instantaneous flows in cubic feet

per second.
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Table 5.

Stream Segment

Catawba 2(a)
Catawba 2(b)

Wateree 2

Wateree 1

Saluda 4(a)

Saluda 4(b)

Saluda 2

Saluda 1

Sitea

2.1+

2.2

2+

4*

1*

N =

Water Quality

710
900
900

490
490
490
490

800

168
168

200

320
320
320
320
320

285
285
285
285
285
285
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Navigation

1100
3300
1300

930
1100
930
800

680

300
nub

340

360
560
300
510
210

460
440
nn
34
390
470

Instantaneous minimum instream flow determinations (in cubic feet per second) by site for all water use
categories except fishery resources.

Hydropower Unique
Ecology®

165(Pelzer)

125 (Holidays Bridge)





Table 5. Cont’d
Stream Segment

Coosawhatchie

Jeffries Cr.

Whippy Swamp

Site a

1.1
1.2*

1*
2
3
4
1

2*
3

Water Quality

0.03
0.03

0.1
0.1
0.1
0.1

1.4
1.4
1.4

Navigation

nn
nn

1
15
21
19

11
7
22

Hydropower

a + indicates that site includes all or part of a man-made rock dam which affects calculations.

* indicates that site is not critical for navigation and/or fish passage.

b nn indicates that site is “not navigable”.

Unique Ecology ¢

190
180

51
73
80
78

99

100

c flows indicate level at which adjacent cypress-tupelo swamp is flooded based on wetted perimeter method and cross-section

analysis.





Table 6. Instantaneous minimum instream flow determinations (in cubic feet per second) by site for fishery resources.

Stream Segment Sitea Tennant Wetted Usable Wildlife Dept. Recommendation
10% 30% Perimeter Width (Jul-Nov) (Jan-Apr) (May, Jun, Dec)

Catawba 2(a) 1 461 1380 1100 820 922 1840 1380
Catawba 2(b) 2.1+ 606 1820 ndb 150 1210 2420 1820
22 606 1820 1600 1100 1210 2420 1820
Wateree 2 1 644 1930 840 930 1290 2580 1930
2+ 644 1930 1100 2600 1290 2580 1930
3 644 1930 950 910 1290 2580 1930
4% 644 1930 500 200 1290 2580 1930
Wateree 1 1* 700 2100 680 360 1400 2800 2100
Saluda 4 (a) 1 78 235 220 260 168 336 252
78 235 280 12 168 336 252
Saluda 4 (b) 3 96 287 340 37 192 384 288
Saluda 2 1.1 199 597 310 310 398 796 597
2 199 597 250 560 398 796 597
199 597 250 250 398 796 597
3 199 597 nd 240 398 796 597
4% 199 597 150 300 398 796 597
Saluda 1 2 293 879 900 390 586 1170 879
3 293 879 410 350 586 1170 879
4.1-L 293 879 440 70 586 1170 879
4.1-R* 293 879 610 16 586 1170 879
4.2 293 879 390 260 586 1170 879
5 293 879 540 470 586 1170 879
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Table 6 Cont’d

Stream Segment Sitea Tennant Wetted Usable Wildlife Dept. Recommendation
10% 30% Perimeter Width (Jul-Nov) (Jan-Apr) (May, Jun, Dec)
Coosawhatchie 1.1 19 57 50 50 38 114 76
1.2 19 57 nd nd 38 114 76
Jeffries Cr. 1 26 78 14 1 52 156 104
2 26 78 15 13 52 156 104
3 26 78 11 21 52 156 104
4 26 78 nd 19 52 156 104
Whippy Swp. 1 14 41 nd 11 28 84 56
2% 14 41 15 7 28 84 56
3 14 41 60 22 28 84 56

a+ indicates that site includes all or part of a man-made rock dam which affects calculations.

%

indicates that site is not critical for navigation and/or fish passage.

bnd indicates “not determined” because (1) break point was not evident or (2) site not suitable for this method, e.g. man-made
structures.
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Table 7. Recommended instantaneous minimum instream flow requirements (in cubic feet per second) by priority
stream segment a.

Minimum Flow Requirement

Stream Segment Jul-Nov Jan-Apr May, Jun, Dee
Catawba 2(a) 1100 1840 1380
(b) 1300 2420 1820
Wateree 2 1290 2580 1930
Wateree 1 1400 2800 2100
Saluda 4 (a) 300 336 300
(b) 340 384 340
Saluda 2 400b 796 597
Saluda 1 586 1170 879
Coosawhatchie 38 190 76
Jeffries Cr. 52 156 104
Whippy Swp. 28 100 56

a For stream segments in which flows are regulated by hydroelectric power projects, releases from the projects should be
such as to maintain minimum flow requirements. However, during periods of drought when inflows to the projects are less
than the minimum flow requirements, discharges from the hydroelectric projects should equal water available from inflow and
in storage above an acceptable lake level.

Endangered and threatened species were identified on Catawba 2 (rocky shoal spider lily), Wateree 2 (bald eagle), and Saluda
1 (rocky shoal spider lily). Flow requirements to protect these species are unknown at this time and are, therefore, not in-
cluded in the minimum flow requirements presented. However, flow requirements for endangered and threatened species
should be considered prior to possible implementation of minimum flow standards on these stream segments.

b The minimum flow requirement of 400 cfs represents the minimum flow necessary to support navigation. This flow was
determined following application of the navigation method and extensive field navigation experiences at known flows.
Because of the atypical shape of the channel at Sites 1.2 and 3, application of the navigation method resulted in flows substan-
tially higher than at other sites on the segment and higher than needed to meet minimal passage requirements.
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The S.C. Wildlife and Marine Resources Department is the State agency primarily responsible for managing the States fishery
resources. Therefore, results from each of the fishery resources methods (Tennant, Wetted Perimeter, and Usable Width) were
provided to that agency for evaluation and final minimum flow recommendations. Appendix D presents the S.C. Wildlife and
Marine Resources Department analysis of the study data and resultant “Working Instream Flow Policy” to protect fishery

resources in South Carolina. That policy includes the following instantaneous minimum flow requirements:

Piedmont streams

July-November = 20% of mean annual streamflow
Jan.-April = 40% of mean annual streamflow

May, June, Dec. = 30% of mean annual streamflow

Coastal Plain streams

July-November = 20% of mean annual streamflow
Jan.-April = 60% of mean annual streamflow

May, June, Dec. = 40% of mean annual streamflow
The “Wildlife Department Recommendations” to protect fishery resources in the priority stream segments presented in Table
6 were based on the above working policy and were used as the minimum flow requirement for fishery resources protection in

the overall segment analysis.
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Endangered and threatened species were identified on three stream segments. These species were the bald eagle (Haliaeetus
leucocephalus), which is on the Federal Endangered Species List, and the rocky shoals spiderlily (Hvmenocallis coronaria),
which is currently undergoing Federal status review as a threatened species. An important population of bald eagles is located
on Wateree 2, and populations of the rocky shoal spiderlily occur on Catawba 2b and Saluda 1. Flow requirements to ad-
equately protect these species were not determined during the course of the study because extensive field investigations were
required which were beyond the scope of this study. However, flow requirements for these species should be considered by
consultation with endangered species personnel at the S. C. Wildlife and Marine Resources Department prior to possible

implementation of minimum flow standards on these stream segments.

During the July to November time period, overall flow requirements for all stream segments (Table 7) were determined
primarily by the flow needs for navigation and fishery resources because these uses required the highest minimum flows.
Minimum flows for Coastal Plain stream segments (Wateree 1, Whippy Swamp, Jeffries Creek, and Coosawhatchie) were all
determined by fishery resources needs. Of the seven Piedmont stream segments, minimum flow requirements for two seg-
ments (Saluda 1 and Wateree 2) were determined by fishery resources needs, three segments (Saluda 4a, Saluda 4b, and
Catawba 2a) were determined by navigation needs, and two segments (Catawba 2b and Saluda 2) were determined by both

navigation and
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fishery resources (less than 10 percent difference in minimum flow requirements). During the other two time periods (May,
June, December; January-April), overall minimum flow requirements for all stream segments were determined primarily by
fishery resources needs. Exceptions included Saluda 4a and Saluda 4b during May, June, and December where navigation
needs determined the minimum, and Coosawhatchie River and Whippy Swamp during January to April where unique ecologi-

cal characteristics determined the overall minimum flow requirements.

Table 8 shows the relationship between recommended minimum flow requirements and historic streamflows for each stream
segment. The relationship to available flows is presented as a percentage of mean annual flow, mean monthly flow for the

individual time periods, and daily flow duration.

In general, Coastal Plain stream segments required a larger portion of available flow to protect instream uses than Piedmont
segments. This is indicated by a higher percentage of mean monthly flows and lower percentage of daily flow duration for the
Coastal Plain streams. While this regional difference is due in part to the higher flow criteria used to protect fishery resources
and unique ecological characteristics in Coastal Plain streams, physiographic differences are still evident when availability

data for flows of equal percent mean annual flow are compared (e.g. 20 percent and 40 percent mean annual flow).
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Table 8. Minimum flow requirements by stream segment in relation to available flow.

Time Min. Flow Percent of Percent of Percentl
Stream Segment Period Requirement Mean Annual Mean Monthly Flow
(cfs) Flow Flow Duration
Catawba 2(a)
Jul-Nov 1100 24 31 88
Jan-Apr 1840 40 32 73
May, Jun, Dec 1380 30 32 82
Catawba 2(b)
Jul-Nov 1300 21 32 90
Jan-Apr 2420 40 35 78
May,Jun,Dec 1820 30 33 84
Wateree 2
Jul-Nov 1290 20 29 87
Jan-Apr 2580 40 29 75
May,Jun,Dec 1930 30 35 82
Wateree 1
Jul-Nov 1400 20 32 97
Jan-Apr 2800 40 41 84
May,Jun,Dec 2100 30 37 91
Saluda 4(a)
Jul-Nov 300 38 53 89
Jan-Apr 336 43 31 84
May,Jun,Dec 300 38 40 89
Saluda 4(b)
Jul-Nov 340 35 49 91
Jan-Apr 384 40 29 87
May,Jun,Dec 340 35 37 91
Saluda 2
Jul-Nov 400 20 28 96
Jan-Apr 796 40 29 82
May,Jun,Dec 597 30 33 90
Saluda 1
Jul-Nov 586 20 20 84
Jan-Apr 1170 40 39 69
May,Jun,Dec 879 30 35 76
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Table 8. Cont’d

Time Min. Flow. Percent of Percent of Percentl
Stream Segment Period Requirement Mean Annual Mean Monthly Flow
(cfs) Flow Flow Duration
Coosawhatchie
Jul-Nov 38 20 38 65
Jan-Apr 190 100 60 33
May,Jun,Dec 76 40 56 51
Jeffries Cr.
Jul-Nov 52 20 40 79
Jan-Apr 156 60 42 48
May,Jun,Dec 104 40 65 61
Whippy Swp
Jul-Nov 28 20 39 65
Jan-Apr 100 71 44 40
May,Jun,Dec 56 40 58 50

Percent of time mean daily flows for period of record equalled or exceeded the minimum flow requirement (Bloxham, 1979).
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Piedmont stream segments exhibited relatively consistent flow requirements for all time periods in terms of proportion of
mean monthly flow. Percent of mean monthly flow for these segments generally ranged from 28 to 41 percent. Exceptions
occurred at Saluda 4a, Saluda 4b, and Saluda 1 where flow requirements for the July to November time period were equal to
53,49, and 20 percent of mean monthly flows, respectively. Coastal Plain streams were less consistent with percent of mean

monthly flow ranging from 38 to 65 percent for the three time periods.

Minimum flow requirements for Piedmont streams ranged from 69 to 97 percent and averaged 85 percent of daily flow
duration for all time periods. That is, flows in these segments have in the past equaled or exceeded the recommended mini-
mum flow requirements, on average, 85 percent of the time. In addition, these minimum flow requirements were always
greater than 84 percent of daily flow duration for the critical July to November time period. Minimum flow requirements for

Coastal Plain streams, however, ranged from 33 to 79 percent and averaged 55 percent of daily flow duration.

Figures 6-16 compare monthly minimum flow requirements to hydrographs of monthly flow variability. In general, minimum
flow requirements for Piedmont stream segments were similar to the minimum monthly means for the period of record.
Exceptions include Saluda 1, Saluda 4a, and Saluda 4b. This data indicates that, on a monthly average, sufficient flow is

available to adequately support instream uses, even during the driest
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months of record. However, instream uses on Saluda 1, Saluda 4a, and Saluda 4b can expect to be adversely impacted for

much of the year based on historical flow patterns.
Recommended minimum flow requirements for Coastal Plain streams were always higher than minimum monthly means
and also higher than 25th percentile of mean monthly flows for most of the year. This data indicates that occassionally

streamflows will be insufficient to adequately maintain all instream uses.
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DISCUSSION

The objectives of the Instream Flow Study were to 1) identify priority stream segments in need of minimum flow protection,
and 2) determine minimum flow standards to protect instream uses. Phase I of the study accomplished the first objective and
identified priority stream segments in which streamflows could become excessively low due to natural conditions and/or

man-induced factors.

The second objective was accomplished in this second phase of the study. The recommended minimum flow standards listed
in Table 7 are believed to protect instream uses at an acceptable minimum level. It is important to note that these minimum
flow requirements do not provide optimum conditions for the instream uses, but rather represent the minimum flow below
which some instream uses would be adversely impacted or eliminated. Also important to note is that while the standards are
designed to protect instream uses, potential impacts to offstream uses and peaking hydroelectric power projects were not
considered. Therefore, additional studies are needed to quantify economic and operational impacts of the recommended

minimum instream flow requirements to affected offstream uses and hydroelectric power projects.
Streamflows are naturally variable and affected by several factors including precipitation, evaporation, ground water dis-
charge, topography, and inflow from tributaries and upstream sources. While ample flows may usually be available to satisfy

both instream and offstream uses,
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streamflows during dry periods may fall below recommended minimum flow requirements and instream uses will be adversely
impacted. These low flow events occur naturally and are unavoidable; however, water uses that withdraw, divert, or withhold
water from streams can increase the frequency, duration, and severity of such impacts. Only through the implementation of
minimum flow standards can adverse impacts to instream uses due to man’s activities be avoided or reduced to acceptable

levels.

Most of the priority stream segments investigated occur directly below hydroelectric power projects. Because almost all the
flow within these segments is regulated by releases from the hydroelectric projects, the minimum flow requirements for the
segments may be achieved by minimum release requirements from the projects. One concern regarding possible implementa-
tion of minimum flow requirements in such segments is that minimum flow requirements would cause upstream lake eleva-
tions to fall to undesirable levels during drought conditions, when inflow to the lake is less than the minimum flow require-
ment. The purpose of minimum flow requirements contained in this report is not to protect instream uses during times when
natural conditions would normally preclude their use, but rather to protect instream uses when sufficient flows should be
available but are not due to man’s activities. Therefore, during periods of drought when inflow to a hydroelectric or other flow
altering project is less than the minimum flow requirement and lake elevations are at a minimum acceptable level, the project
would be expected to release only the amount of water available from inflow to the project. Through this mechanism, both

instream uses and inlake uses could be maintained at acceptable levels.
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Run-of-river hydroelectric projects that discharge inflow as a normal operational procedure would not be adversely
affected by minimum flow requirements, and in fact, could benefit because sufficient base flows would be maintained to allow
continuous operation. However, the current operations of peaking hydroelectric power facilities would require modification to

satisfy minimum flow requirements.

While this study has identified minimum flow requirements that should adequately protect instream uses, no comprehen-
sive program currently exists in South Carolina to implement these standards. However, instream uses may be protected to a
limited extent by including minimum instream flow conditions on appropriate State and Federal permits and licenses for
projects that may affect instream flows. Such permits include 1) Federal Energy Regulatory Commission operating licenses
and exemptions for hydroelectric power projects, 2) State Budget and Control Board Permit for construction activities in
navigable waters, 3) S.C. Water Resources Commission Interbasin Transfer Permit, and 4) S.C. Department of Health and
Environmental Control 401 Water Quality Certification (for projects requiring Federal permits and licenses). The S.C. Water
Resources Commission, S.C. Department of Health and Environmental Control, S.C. Wildlife and Marine Resources Depart-
ment, and U.S. Fish and Wildlife Service routinely review and comment on applications for these permits and, when appropri-
ate, could request that instream flow conditions be included. Although additional studies are needed to help refine the recom-

mended minimum flow requirements identified in this report, the
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requirements are based on the best available data and could be used as a guide by State agencies to protect instream uses
through existing regulatory programs. In addition, one or more of the methods used in this study would be useful in assessing

minimum flow requirements for instream uses for stream segments throughout South Carolina.

Instream use protection is recognized as an important component of water resource management in South Carolina, as
well as the rest of the nation. The protection of these uses through the preservation of instream flows is essential for the future

use and continued viability of our riverine resources in South Carolina.
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APPENDIX A
Joint Resolution (R115, H2549)
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(R 115. 112549)
A JOINT RESOLUTION TO REQUIRE THE SOUTH CAROLINA WATER RESOURCES COMMISSION TO IDENTIFY
AND LIST THE STREAMS AND WATERCOURSES OF THE STATE FOR WHICH MINIMUM FLOW LEVELS NEED TO
BE ESTABLISHED AND PREPARE PROPOSED STREAMFLOW STANDARDS.

Be it enacted by the General Assembly of the State of South Carolina:
Legislative findings

SECTION 1. The General Assembly finds:

(a) A substantial increase has occurred in the number of significant withdrawals of water from the various streams and water-
courses of this State.

(b) These withdrawals, if continued without due regard for their cumulative effect on streamflows, could adversely affect, to a
serious and significant degree uses dependant upon those streams and watercourses, including fish and wildlife resources, recre-
ation, water quality, hydropower generation, aesthetics, navigation, and ecosystem maintenance.

(c) Fish and wildlife resources, recreation, water quality, hydropower generation, aesthetics, navigation, ecosystem maintenance,
agriculture, and other concerns are individually and collectively linked to the continued economic well-being of industries, the
health, safely, and welfare of all South Carolinians, and the general attractiveness of South Carolina for future development.
(d) As greater demands are placed upon South Carolina’s water resources to meet off-stream uses such as industrial, agricultural,
and domestic water supply, the effects upon and need for protection of in-stream uses of water identified hereinabove will
increase.

Commission must Identify and list streams and water courses

SECTION 2. The South Carolina Water Resources Commission must identify and list those streams and watercourses through-
out the State for which minimum flow levels need to be established in order to assure the continued viability of stream-related use
as identified in Section 1. In determining the the criteria to be used to identify the above streams, the Commission must consult
with the Wildlife and Marine Resources Department, the Department of Health and Environmental Control, the Department of
Parks, Recreation and Tourism, the Department of Agriculture, the State Development Board, the Coastal Council, and with all
affected state and local governments. The Commission must include this identification list those streams and watercourses the
Commission determines are significant, along with a statement of findings as to why that stream or watercourse was selected. The
identification list required by this section must rank the streams and watercourses beginning with those in which the need for
establishing minimum flow levels is the greatest. The Commission must compile information for each watercourse as to current
and projected water use. The Commission, in its discretion, may revise the list and may add or delete streams or watercourses as
circumstances require following notice of such proposed action by publication in a newspaper of general circulation in the
affected area. The initial identification list required by this section must be completed no later than January 1, 1985.

Streamflow standards

SECTION 3. The Commission must prepare proposed streamflow standards for each stream or watercourse determined to have
a significant need for regulation. In developing the standards for each stream the Director must consult with those governmental
entities identified in Section 2. The Commission must also consult with any private individuals, groups, or organizations as
deemed advisable by tile Commission. The Commission must complete the preparation of proposed standards for all streams on
the initial identification list no later than January 1, 1987.

Time effective
SECTION 4. This act shall take effect upon approval by the Governor.

In the Senate House the 24th day of May
In the Year of Our Lord One Thousand Nine Hundred and Eighty Three
Michael R. Daniel.
President of the Senate
Ramon Schwartz. Jr.,
Speaker of the House of Representatives
Approved the 26th day of May, 1983
Richard W. Riley





APPENDIX B

Study Site Cross-sections
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APPENDIX C

Wetted Perimeter Curves
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APPENDIX D
S.C. Wildlife and Marine Resources Department

Working Instream Flow Policy
(Study Data Analysis and Minimum Instream Flow Recommendations)
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This document represents a draft policy subject to revision pending ongoing review. The material should not be cited or

reproduced without the permission of the Department - for information only

Working Instream Flow Policy

South Carolina Wildlife and Marine Resources Department
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Introduction

“Stated simply, fish need an adequate supply of water... modification of natural flow regimes of streams affects fishes through-
out their life cycle”. Sudden increases in streamflow can cause bottom scouring, decrease channel stability and impact
reproductive behavior and spawning success of fish. Reduced streamflows can impact spawning success, decrease available
habitat, negatively affect water quality and increase silt deposition. Modifications in streamflow can detrimentally impact
spawning migrations of resident and anadromous fishes thus lowering the productive potential of a stream or river. Realizing
these and other potential impacts of streamflow alteration on fish communities, the Department’s basic policy shall be to
oppose any water management or any water withdrawal activity that changes natural streamflow characteristics or

fails to consider impacts on fishery resources.

Historically, water releases from existing water projects have rarely been a legal requirement. Increasing awareness of the
societal and economic values of fishery resources has initiated a change in this attitude, highlighted by federal passage of
S.426 - the Electric Consumers Protection Act of 1986 which mandated revisions in the Federal Power Act. These revisions

require that “each license shall include conditions for... protection, mitigation and enhancement (of fish and
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wildlife including related spawning grounds and habitat) subject to conditions based on recommendations received from

...State Fish and Wildlife Agencies”.

The South Carolina Legislature, realizing the importance of multi-disciplinary streamflow management, requested the South
Carolina Water Resources Commission (WRC) to identify instream flow requirements for 10 stream segments identified as
critical. Three sites are regulated stream reaches in the Saluda River basin, four regulated reaches are in the Catawba-Wateree
drainage while 3 sites are unregulated Coastal Plain streams. Criteria used to identify instream flow needs included water

quality, navigation, hydropower and fishery resources.
Perceiving that the Department will continue to pay close attention to instream flow questions in the future, information
generated during the WRC study was used to generate a general policy that would protect fishery resources in all waters of the

state when natural streamflow cycles could not be maintained.

Data obtained during the WRC study address hydrology and habitat availability as a function of discharge. The data does not

relate biological responses to streamflow alterations.

127





Therefore, derived instream flow recommend at ions found in this policy represent the initial position of the Department in
situations where water management constraints require alteration of natural streamflows. Site inspection by a fishery biologist
to determine the general applicability of policy guidelines to a particular stream reach is required in all cases. The Department
will consider objective data demonstrating the acceptability of alternative streamflows. Instream Flow Incremental Methodol-
ogy (IFIM) developed by U.S. Fish and Wildlife Service is the Department’s preferred methodology. The Department requests
that any potential applicant employ a study plan which has been reviewed by the Department prior to initiation of sampling
and/or data analysis. The Department will in certain situations initiate work to gather site specific information on flow effects
on fishery resources and will use these data to refine general policy and make site specific recommendations as needs require.
Specific situations where endangered species will be impacted by instream flow alterations will be given special consider-

ation.

Methods

Tennant, wetted perimeter and useable width methods were used to evaluate instream flow needs of fishes at all study sites.

The Tennant method basically states that increasing the percent of the mean annual daily flow released on an instantaneous

basis will improve fisheries. Mean annual daily flow is defined as the average volume of water discharged
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instantaneously over a representative water year. The percent of mean anuual daily flow required during the spawning season

is greater than during the remainder of the year.

The wetted perimeter method defines the increased availability of habitat as discharge is increased. In the WRC study, wetted
perimeter data were derived at critical shoal habitats where navigation was hindered at low flows. Interpretation of wetted
perimeter data requires relating streamflow to habitat availability. An inflection point of the relation identifies where maximal
habitat is obtained with minimal input of water. Ocassionally, multiple inflection points can occur making interpretation of
data more subjective. In Coastal Plain streams, inflection points can identify the discharges required to inundate the flood-

plain.

Useable width defined the minimum discharge needed to pass migrating fish through shoal habitats. In Piedmont streams,
where striped bass are generally of prime importance, habitat suitability information indicated a depth of 1.5 feet was the
minimum depth required for spawning. A required shoal passage width of 10 feet was estimated. In Coastal Plain streams,

redbreast sunfish are a key species. A rectangular area 1 foot deep by 8 feet wide was defined as the required useable width.

Instream flow determination require knowledge of the magnitude and temporal variation in the hydrologic cycle. Streamflow

129





determinations for study sites were generally obtained from U.S. Geological Survey (USGS) data. Hydrologic data for

Whippy Swamp was generated by WRC using standard techniques for ungaged stations.

An assessment of the percentage of average discharge occuring each month was performed for Piedmont and Coastal Plain
streams. USGS gaging sites used to establish the Piedmont curve were Saluda River at Pelzer, Saluda River at Chappells,
Saluda River at Columbia, Catawba River at Catawba and Wateree River at Camden. A Coastal Plain hydrograph was
prepared using USGS data from Edisto River at Branchville, Little Pee Dee River at Galivant’s Ferry, Lynches River at
Effingham and Coosawhatchie River at Hampton. Whippy Swamp data generated by WRC was also employed. The obtained
hydrograph was used, along with knowledge of spawning seasons, to identify major hydrologic/biological periods during a

year.

Instream flow determinations for each of the ten critical sites were performed for fishery resources using the following general

procedure:

1) The 7Q10 (the lowest mean streamflow for 7 consecutive days expected to occur in a 10 year period) was

calculated since present water quality regulations are based on this flow.

2) Mean annual daily flow was determined for each stream
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segment and 10, 20 and 30% streamflows were calculated.

3)  Wetted perimeter information was graphed and a visual determination of inflection point was made for each study site.

Wetted perimeter requirements were then defined for each river segment.

4)  Color slides depicting varying streamflows at almost all study sites were inspected by a fisheries biologist to make a

subjective determination of flows required to protect the existing fishery resource.

5)  Data from steps 1-4 were used to define instantaneous streamflows required during months of low flow (July -Novem-

ber); Piedmont and Coastal Plain streams were treated seperately.

6)  Useable width criteria were used at each site to calculate minimum discharge required to pass the species of concern

during the spawning season.

7)  Tennant values of 20, 40 and 60% of mean annual daily flow were calculated.

8) In Coastal Plain streams, transect data at study sites were used to estimate the discharge which initially produces

overbank flow.

9)  Data from 6-8 were used to define discharges required during high flow months (January - April).

10)  Streamflows midway between high and low flow periods values were then calculated for time periods (May, June,

December) with intermediate streamflow requirements.
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Results

Inspection of the mean annual hydrograph indicated three distinct periods (Table 1). These are:

1) High flow (mean monthly flow > mean annual daily flow) = January through April.
2) Low flow (mean monthly flow = 50 to 80% of mean annual daily flow)= July through November.
3) Increasing or decreasing flows (months where flows are 80 to 100% of mean annual daily flow and occur

between high and low flow periods)= May and June (decreasing); December (increasing).

Piedmont and Coastal Plain streams behaved similarly although high and low flow periods were more severe in the unregu-

lated, Coastal Plain study sections.

Low Flow Period - Piedmont

Site specific data are presented in Table 2. The average inflection point for wetted perimeter data obtained at the 5 study sites

was .20 of mean annual daily flow (sd=.08).

Visual inspection of color slides indicated flows approximately 10% of mean annual daily flow were inadequate to protect
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Table 1. Percent of mean annual daily flow by month in selected Piedmont and Coastal Plain streams of South

Carolina.

Month Piedmont Coastal Plain
January 122 1.31
February 126 175
March 132 1.91
April 126 143
May 92 78
June 85 68
July 75 67
August 78 67
September 72 65
October 81 58
November 77 51
December 92 85
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Table 2. Site-specific data used to assess instantaneous instream flow requirements of Piedmont streams for July
through November. Streamflows are in cubic feet per second.

Streamflow
mean annual wetted % WP
daly flow Tennant Method perimeter of
Stream Name Site * 7Q10 (MADF) 10% 20%  30$ (WP) MADF
Saluda 1 168 783 78 156 235 180 .23(min)
at Pelzer 2 168 783 78 156 235 280 .36(max)
3 203 956 9 192 287 340 .36
mean 180 841 84 168 252 267 32
Saluda 1.1 320 1991 199 398 597 280 .14
at Chappells 1.2 320 1991 199 398 597 290 .15(max)
2 320 1991 199 398 597 250 13
3 320 1991 199 398 597 - -
4 320 1991 199 398 597 150 .08(min)
mean 320 1991 199 398 597 243 A2
Saluda 1.2 260 2929 293 586 879 360 .13(min)
at Columbia 2 260 2929 293 586 879 900 .31(max)
3 260 2929 293 586 879 410 14
4.1-R 260 2929 293 586 879 400 .14
4.1-L 260 2929 293 586 879 800 27
4.2 260 2929 293 586 879 700 24
5 260 2929 293 586 879 450 15
mean 260 293 586 879 575 .20
Catawba 1 710 4614 461 922 1384 1100 24
Rock Hill=1 2.1 900 6060 606 1.212 1818 1800 .30(max)
Catawba= 2 2.2 900 6060 606 1212 1818 1300 .21(min)
mean 837 5578 558 1115 1673 1400 25
Wateree 1 490 6444 644 1288 1933 840 13
at Camden 2 490 6444 644 1288 1933 1000 .16(max)
3 490 6444 644 1288 1933 800 .12(min)
4 490 6444 644 1288 1933 750 12
mean 490 6444 644 1288 1933 844 13
Wateree 1 800 7000+ 700 1400 2100 685 10
at Eastover
* Specific site locations are available from S.C. Water Resources Commission.
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fisheries. Flows of 20% were generally adequate while flows of 30% were adequate.

Low Flow Period - Coastal Plain

Site specific data are presented in Table 3. The average inflection point for wetted perimeter data obtained at the 4 study sites
was .27 of mean annual daily flow (sd=.11). Visual inspection of color slides indicated that flows of .10 of mean annual daily
flow were adequate to protect fisheries in Jeffries Creek. In Whippy Swamp and Coosawhatchie River, which have less
well-defined channels than Jeffries Creek, flows of 20% of mean annual daily flow were required to protect fishery resources.
High Flow Period - Piedmont

Site specific data are presented in Table 4. Using a 1.5 ft. deep X 10 ft. wide fish passage area, required flows at the critical
shoal ranged from .39 to .70 of mean annual daily flow (mean=.52; sd=.13). If a 1.0 ft. deep X 10 ft. wide passage was
assumed acceptable,.required flows at the critical shoal ranged from .15 to .32 of mean annual daily flow (mean=. 24;sd=.07).
High Flow Period - Coastal Plain

Site specific data are presented in Table 5. Useable width data indicated that streamflows needed for fish passage at the
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Table 3.

Streamflow

Stream Name

Whippy

Jeffries

Coosawhat-
chie

136

mean annual
daily flow Tennant Method

Site* 7Q10

mean

1.4
1.4
1.4
1.4
0.1
0.1
0.1
0.1
0.1
0.0
0.0
0.0

(MADF)

136
136
136
136
259
259
259
259
259
189
189
189

10%

14
14
14
14
26
26
26
26
26
19
19
19

20%

28
28
28
28
52
52
52
52
52
38
38
38

30%

41
41
41
41
78
78
78
78
78
57
57
57

Specific site locations are available from S.C. Water Resource Commission.

wetted
perimeter
(WP)

60
15
60
45
15
100
120
80
79
50
80
65

Site-specific data used to assess instantaneous instream flow requirements for Coastal Plain streams in
July-November. Streamflows are in cubic feet per second.

% WP
of
MADF

44.
11
44
.33
.06
.39
46
31
31
.26
42
.34





Table 4. Site-specific data used to assess instantaneous instream flow requirements of Piedmont streams for January
through April. Streamflows are in cubic feet per second.

Streamflow
mean annual useable
daily flow Tennant Method width (UW) % UW of MADF
Stream Name Site* (MADF) 20%  40% 60% 1.5X10 1.0X10 1.5X10 1.0X10
Saluda 1 783 156 312 470 546 250 .70 32
at Pelzer 2 783 156 312 470 12 .02
3 956 192 384 574 102 11
Saluda 1.1 1991 398 796 1194 673 312 .34 .16
at Chappell 1.2 1991 398 796 1194 1243 559 .62 28
2 1991 398 796 1194 600 254 .30 13
3 1991 398 796 1194 512 237 .26 .26
4 1994 398 796 1194 35 .02
Saluda 1.2 2929 586 1172 1757 1326 802 45 27
at Columbia 2 2929 586 1172 1757 596 387 .20 13
3 2929 586 1172 1757 518 347 18 12
4.1-R 2929 586 1172 1757 142 .05
4.1-L 2929 586 1172 1757 58 .02
4.2 2929 586 1172 1757 753 256 .26 .09
5 2929 586 1172 1757 924 32
Catawba 1 4614 922 1844 2766 1608 823 35 18
at Catawba 2 6060 1212 2424 3636 401 .07
3 6060 1212 2424 3636 2361 1148 .39 .19
Wateree 1 6444 1288 2576 3864 933 15
at Camden 2 2926 995 45 1.5
3 914 .14
4 202 .03
Wateree 7000 1400 2800 4200
at Eastover
* Specific site locations are available from S.C. Water Resource Commission.
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Table 5. Site-specific data used to assess instantaneous instream flow requirements for Coastal Plain streams January-April.
All streamflows are in cubic feet per second.

Streamflow
useable estimated
mean annual width streamflow
daily flow  Tennant Method method at initial
Stream Name Site (MADF) 20% 40%  60% =1’x8' % MADF flood (%)
Whippy 1 136 28 56 84 11 .08 100 (.74)
2 7 .05
3 22 .16
Jeffries 1 259 52 104 156 1 .01 80 (.31)
2 13 .05
3 21 .08
4 19 .07
Coosawhatchie 1 189 38 7 114 51 27 194 (1.02)
2

Specific site locations are available from S.C. Water Resource Commission.





critical shoal ranged from .08 to .27 of mean annual daily flow. Floodplain inundation data showed considerable variability.
From .31 to 1.02 of mean annual daily streamflow was required to overflow banks at the transect sites.

Discussion.

An initial overview of instream flow requirements at selected sites was obtained. Although each stream segment had indi-
vidual characteristics, sufficient similarity existed to formulate a general policy defining instream flow requirements for
fishery resources. Variability in the percent of mean annual daily flow required at each stream segment pointed out the need to
visually inspect study sites to confirm the relevance of policy values.

The data demonstrate that calculations of 7Q10 flows on regulated streams do not reflect 7Q10 flows that would occur if
natural flow regimes existed. For example, Table 2 shows the Wateree River and Saluda River drainages had greater 7Q10
flows for sections upstream of impoundments (Rock Hill and Chappells, respectively) than for sections downstream of the
impoundments (Camden and Columbia, respectively). This is in spite of the downstream sections having larger drainage areas
and higher mean annual daily flows. These differences are caused by reservoir
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storage and release patterns and indicate that the utility of 7Q10 flow on regulated streams is questionable.

Data gathered during this study indicated instream flows should be determined for three distinct time periods: 1) low flow July
-November, 2) high flow January - April and intermediate flows 3) May, June and December. Distinction of these time periods
will help insure that natural seasonal variability of streamflow is maintained.

The spawning season for South Carolina fishes generally begins in February and ends in June with each species having
distinct temporal and spatial requirements. Selecting instream flows that conform to the seasonal variation in flow is important
since fish have evolved to spawn in synchrony with the seasonal hydrologic cycle.

Piedmont and Coastal Plain fishes have different spawning and life history requirements. Piedmont fishes are attracted to
upstream spawning grounds by the magnitude of flows. Floodplain utilization is minimal while efficient passage through
shoals is important. Coastal Plain fish species are more adapted to utilize floodplain habitat which is innundated to varied
extents each season. Fish passage requirements are generally less stringent due to species composition. Based on these
differences and habitat restrictions in summer, instream flow requirements for Piedmont and Coastal Plain streams were
considered seperately.
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Greater flows are needed during high flow months in Coastal Plain streams to insure adequate flood potential is available. In
the Piedmont the magnitude of flows required to attract fish to upstream spawning grounds is important. Passage through
rocky shoals is also critical. In all study sites, 20% of mean annual daily flow was required to maintain habitat during summer
months.

Only small non-regulated Coastal Plain streams were considered. Instream flow determinations on large Coastal Plain streams
will require site inspection before any determination of policy applicability can be made.

Instream Flow Recommendations

Coastal Plain -

July-November 20% of mean annual daily flow
January-April 60% of mean annual daily flow
May, June, December 40% of mean annual daily flow
Piedmont

July-November 20% of mean annual daily flow
January-April 40% of mean annual daily flow
May, June, December 30% of mean annual daily flow

Policy values are designed to protect, but not enhance the
State’s fishery resources. The resulting instream flow
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recomendations conform closely to Tennant’s “desktop” method. Sufficient data were collected using site specific field
surveys conducted by the WRC to substantiate policy criteria for South Carolina streams. If changes from this recommended
flow regime are requested for a particular stream, an IFIM study, approved and overviewed by the Department, will be
conducted by the requestor. The section and requestor will then objectively consider the results from the IFIM study to make
final instream flow determinations. Policy flow recommendations are not valid once a site specific. [IFIM study is successfully
completed as determined by the Department.
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Summary of Policy
1) The Department will generally oppose any modification of natural streamflow characteristics.

2) If other water management concerns necessitate streamflow modifications, the Department’s policy is to insure
the following instantaneous streamflows:

Piedmont Streams
July-November = 20% of mean annual daily streamflow

January-April = 40% of mean annual daily streamflow
May, June, December = 30% of mean annual daily streamflow

Coastal Plain Streams
July-November = 20% of mean annual daily streamflow
January-April = 60% of mean annual daily streamflow

May, June, December = 40% of mean annual daily streamflow

3) In no case should water withdrawals be allowed from the State’s streams that would reduce streamflow below
these levels.

4) On regulated streams, when inflows to the reservoir are less than desired instream flows, instantaneous
outflows should equal instantaneous inflows..

5) These criteria are based on water budgets for the states rivers as of Sept. 31, 1987 and include the available
historical record of these water budgets; mean annual daily flow has been used because it uses the existing water budget; all
future calculations for individual stream segments should also use mean annual streamflow as calculated on Sept. 31, 1987.
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South Carolina Water Resources Commission

1201 Main Street, Suite 1100 [0 Columbia, S.C. 29201 (1 Telephong (803) 737-0800 . .

So=

Alfred H. Vang
Executive Director

September 1, 1993

Ms. Lois Cashell

Secretary

Federal Energy Regulatory Commission
825 North Capitol Street, N.E.
Washington, D.C. 20426

RE: COMMENTS on Environmental Analysis for
Saluda Hydroelectric Project
FERC Prgject No. 2406 — )0 &~

‘;4-"""’:' ~—
Dear Ms. Cashell:

The South Carolina Water Resources Commission is extremely concemed about potential
impacts of the above referenced project on recreational navigation in the Saluda River. However,
the applicant has not provided adequate data, nor conducted sufficient studies to demonstrate that
proposed project operations (modified peak) would protect navigability below the project. The
Water Resources Commission recommends that the project be operated as a true run-of-river
facility in which outflow equals inflow in order to minimize adverse impacts to downstream
boating activities. If the project is operated as a modified peaking facility as proposed, Duke
Power Company (Duke) should coordinate with the Water Resources Commission to conduct the
necessary studies to determine minimum flows to protect navigation below the project as requested
by our agency in previous correspondence.

Our concem regarding navigation is not new and has been clearly documented as our
primary concern of this project since the beginning of the relicensing process. We have attached
copies of all our correspondence to Duke and to the Federal Energy Regulatory Commission
(FERC) regarding this project for your review. As you will see, our concern for maintaining
navigable conditions in the river are reiterated in seven leiters dating back to 1989.

In our letter to Duke dated May 23, 1993 in response to the First Stage Consultation Report
we stated the legal responsibility of our agency in protecting the navigability of the Saluda River, a
navigable niver of the State. We requested that the project operate as a run-of-river facility at all
times to in order to protect downstream interests, such as navigation. We further stated that if the
project was to operate as a modified peaking facility then studies would need to be conducted to
determine instream flow requirements for navigation.

In our letter to Duke Power Company dated October 25, 1991 in response to the draft
Application for License we reiterated our preference for the project to operate as a run-of-river
project to minimize adverse impacts fo instream uses below the project. However, we tentatively
accepted the modified peaking concept if certain data needs were first provided such as th~ quantity
of minimum flow releases and the frequency of such releases. We questioned the statemciit by
Duke that boating activitics below the project would be enhanced by the proposed operating (', L &
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Ms. Lois Cashell
September 1, 1993
Page 2

procedures because no support data was provided to support the applicant’s contention and, based
on our experience, peaking operations without sufficient minimum flow releases adversely impact
boating activities downstream.

In our letter to the FERC dated April 22, 1992, which served as formal comments to the
Final Application for License, we restated the importance of maintaining navigable conditions in
the Saluda River below the project and the Water Resources Commission’s legal responsibilities
along those lines. We rejected the applicant’s contention that the project would enhance boating
activities below the project if operated as proposed. Based on site specific navigation studies on
several piedmont streams, we estimated minimum flows to protect navigation to be about 184 cfs
below the project. Also, because the Saluda Project is the first in a series of small hydroelectric
projects on the upper Saluda River, we pointed out our concemn regarding cumulative impacts of
modified peaking operations to downstream waters and hydroelectric projects. A run-of-river
mode of operation at the Saluda Project would stabilize downstream flows and lake levels thus
ensuring protection of navigation and other instream uses and provide a more dependable water
supply for hycﬁogeneratlon at downstream projects. We further stated that “(b)ecause the applicant
proposes to use the project for peaking operations, this agency recommends that site specific
studies be conducted downstream of the project to determine minimum flow needs to protect
navigation.”

In letters dated January 26, 1993 and July 22, 1993, we attempted to request the
applicant’s assistance in conducting navigation studies below this and other projects currently
undergoing relicensing. The initial letter was for assistance in conducting the South Carolina
Navigation Method similar to the cooperation we are receiving for navigation studies being
conducted on the Broad River as part of the relicensing of the Neal Shoals Hydroelectric Project
(FERC Project No. 2315). The applicant did not respond to that request. The more recent letter
was a request for demonstration flows to determine navigability at the newly proposed minimum
release of 20 percent of mean annuat flow (129 cfs). The applicant responded that it would be
inappropriate to agree to our request because 1) our request was not made in a timely manner
according to specified deadlines in the relicensing process, 2) our request for navigation flows
“goes beyond what FERC’s regulations authorize or contemplate”, and 3) Duke Power Company
does not recognize the Water Resources Commission as possessing the authority to speak for the
State on navigation matters or to establish navigation flows for the State’s rivers. We have
enclosed a copy of the applicants letter dated August 5, 1993 for your information,

In response to Duke’s reasons for not cooperating in the conduct of navigation studies
below this and the other projects currently in the relicensing process we provide the following
comments.

1) Untimely request.

Our request for studies to determine minimum flows for navigation are well
documented back to the First Stage Consultation Report as is apparent by review of the
attached correspondence. Duke acknowledges such study needs in the Final Application
for License. On page E-53 Duke states that “regarding navigability in the river downstream
of the project, SCWRC noted the need to determine instream flow needs for navigation if
proposed pro;cct operations require the discontinuation of discharge in order torefi" the
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Ms. Lois Cashell
September 1, 1993
Page 3

2) Request goes beyond FERC regulations.

While the justification for this reason must ultimately be determined by the FERC, it
is our opinion that studies that determine flows that protect recreational boating activities is
clearly within FERC’s regulatory jurisdiction as demonstrated by the conduct of numerous
navigation studies below other FERC licensed projects and the inclusion of license
conditions for projects which specifically protect navigability. For the past ten years
navigation studies have been conducted as part of several projects that have been relicensed
or are currently being relicensed by the FERC in South Carolina. These projects include
the Augusta Canal Project (No. 5772), Buzzards Roost Project (No. 1267), Coneross
Project (No. 6731), North Georgia Project (No. 2354), and the Neal Shoals Project (No.
2315). Copies of these studies are available to the FERC upon request. In addition, the
Order Issuing License for the Coneross Project (No. 6731) dated March 28, 1991 clearly
states in Article 402 “...the licensees shall maintain a continuous minimum flow of 36 cfs,
or inflow to the project reservoir, whichever is less, as measured downstream from the
project tailrace, for the protection of navigability in Coneross Creek.”” Therefore, there is
no question as to the appropriateness of FERC considering navigability as part of their
review authority.

3) WRC does not have authority to determine navigability on State rivers.
The Water Resources Commission has documented its authority relative to the issue
of navigability on State waters on several occasions in correspondence to Duke and to the

FERC. Following a similar charge relative to the relicensing of Duke’s Buzzards Roost
Project (No. 1267), the Water Resources Commission provided a thorough summary of its
legislative and constitutional authority conceming navigation. We have attached a copy of
that response [Item 7 (D) (1)) which is excerpt from a letter to Duke dated September 13,
1990 (Comments on Schedule B - Further Additional Information for the Buzzards Roost
Project). We think it is important to note that no other power company has questioned this
agency’s authority on this point.

The Water Resources Commission is concerned about the impact of the Saluda
Hydroelectric Project on navigability of the Saluda River below the project. We believe that
sufficient data has not been presented by the applicant to support their contention that proposed
project operations will enhance boating activities below the project and that additional studies are
needed to make that determination. We are prepared to work with the applicant to conduct such
studies in a timely manner; however, the applicant requires encouragement from the FERC to
participate in such studies.

We appreciate your assistance in this matter. If you have any questions regarding our
comments, please do not hesitate to contact me at 803-737-0800.
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Enclosures
cC: Dean Shumway, Director, FERC
Surrender Yapuri, FERC
George Galleher, Duke Power Co.
Paul League, Esq., SCWRC
(w/o enclosures)
Gerrit Jobsis, SCWMRD
David Graves, SCDHEC
Steve Gilbert, USFWS






Attachments

Water Resources Commission Correspondence
on the Saluda Hydroelectric Project

1. Comments on First Stage Consultation Report, to Duke Power Company
dated May 23, 1989.

2. Comments on Draft Application for License, to Duke Power Company
dated October 25 1991.

3. Additional comments to Draft Application for License, to Duke Power
Company dated November 6, 1991.

4. Comments regarding proposed minimum release requirement to protect
instream uses, to Duke Power Company dated December 11, 1991.

5. Comments on Application for License, to FERC dated April 22, 1992.

6. Request for navigation study assistance, to Duke Power Company dated
January 26, 1993.

7. Comments on proposed flow monitoring strategy, to Duke Power
Company dated May 13, 1993.

8. Request for navigation study assistance, to Duke Power Company dated
July 22, 1993.

9. Duke Power Company response to request for assistance on studies to
the Water Resources Commission dated August 5, 1993.

10. Summary of WRC authority regarding navigability on State Rivers,
ltem 7 (D) (1) from WRC Comments on Schedule B - Further Additional
Information on Buzzards Roost Hydro Project dated September 13, 1990.
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Altrea H Vang
Executve Director

Hay 23, 1989
Mr. G.A. Galleher o c: L j'f;EiL
Senior Engineer T L e
Duke Power Company T FOaT 2. 2TION
P.O. Box 33189 i .
Charlotte, North Carolina 28242 i =l 2 61989
RE: Saluda Hydroelectric Project C P IRASTTTISIDIVISION USE

FERC Project No. 2406 e st aldT 7O OFILE
FLeno. €W ~oyp
Dear Mr. Galleher:

The S.C. Water Resources Commission staff has reviewed the First Stage
Consultation Report for proposed relicensing of the Saluda Hydroelectric
Project located on the Saluda River on the Greenville/Pickens County line
and attended the site visit on April 12, 1989. We provide the following
preliminary comments for your consideratfon in developing the license
application and in planning necessary studies.

Navigabilic un-of -River Operation

The primary concern of this agency is the project's impact on
navigation. Navigable waters of South Carolina, which include the Broad
River, are held in public trust by the State and are considered by the
State to be public highways under Article 14, Section 4 of the South
Carolina Constitution and Section 49-1-10, South Carolina Code of Laws,
1976, as amended. Navigable waters are defined by R. 19-450.2.C. South
Carolina Code of Laws, 1976, as amended as "...those waters vhich are now
navigable, or have besn navigable at any time, or are capable of being
rendered navigable by the removal of accidental obstructions, by rafts of
lumber or timber or by small plessure or sport fishing boats.
Navigability shall be determined by the Water Resources Commission.” The
Commission has the responsibility to protect the public trust by insuring
that navigability is not impaired by human activities in stream channels.

It has been our experience that the term "run-of-river™ operation for
hydroelectric projects is not clearly defined. Some projects licensed
under this category operate vithin the strict definition of {nstantaneous
discharges equal to inflow, vhile other projects operate as modified
peaking projects. Because operations other than true run-of-rive-
{outflow equals inflov) may adverselv affect downsrream flows and






Mr. G.A. Gallaher
Hay 23, 1989
Page 2 '

navigability during periods vhen storage reservoirs are refilling, we
recommend that the project be operated so that discharges equal inflow,
vithin a reasonable tolerance limit. Suff{cient data should be included
in the proposed license application which clearly illuscrates historic
project operations relative to inflows and the degree of pool fluctuatrion
on a daily basis. Furthermore, studies should be conducted by Duke Power
Company on the feasibility of installing automated flow sonitoring and
pover regulating equipment that insures run-of-river operations by
maintaining constant pool elevations through regulated releases. If
Proposed project operations require the discontinuation of discharge in
order to refill the reservoir, the Commission will need to conduct studies
downstream of the project to determine instresm flow needs for navigation.

State Compre 4 ans

ThE Vater Resources Commission has filed three reports with the FERC
vhich have been accepted as State Comprehensive Plans under Section
10(a)(2)(A) of the Federal Power Act. These repoOrts are:

South Carolina Water Resources Commission. 1985. Instream flow study -
Phase I: identification and priority listing of streams in South
Carolina for which minimum flow leveis need to be established. Report
No. 149. Columbia, South Carolina.

South Carcolina Water Resources Commission. 1988. Instream flow study -
Phase II: determination minimum flow standards to protect instream

uses in priority stream segments. Report No. 163. Columbia, South
Carolina.

South Carolina Water Resources Commission. National Park Service. 1988.
South Carolina rivers assessment. Columbia, South Carolina.

Duke Power Company should review these studies and discuss how the project
will or will not comply with the findings of the reports.

The Instream Flowv Study wvas conducted between 1983 and 1988. In Phase
I of the Instream Flow Study, over 500 stream segments throughout the
State vere ranked in priority order based on their potential for instream
use conflicts due to low flows. Natural and man-induced impacts on flovs,
as vell as the relative importance of each stream in terms of instream and
offstream uses vere considered in the ranking process. While the report
recognizes the need to protect instream uses on all streams of the State,
it {dentifies the top 15 stream segments in greatest need of low flow
protection. Nine of these segments were further studied in more detail
during Phase II to determine adequate minimum flows to protect all
identified instream uses. Based on the Instream Flow Study, Phase I
Report the portion of the Saluda River in which the project is located
ranked Z7th in the State in terms of need for low flow protection.
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The South Carolins Rivers Assessment is an inventory and analysis of
selected river-related natural, economic, cultural and recreational
resource values. Experts in each of fourteen resource catsgories
systenatically identified and evaluated numerous stream segments. The
results reflect their perception of the relative valus of each resource
category for the various segments. River sageents not identified under a
given category either did not meet the minimum criteria for that category
or had insufficient information available to rank the zegment. It igx
important to note that the value classification of a stream segment
reflects its perceived value and does not reflect its jurisdictional
status in regards to regulatory suthority by various State agencies. The
portion of the Saluda River associated with the Saluda Project was
fdentified in eight of the fourteen resource categories analyzed. It {s
an important river resource, therefore, project operations should be

carefully assessed in regard to existing or potential {apacts to river
relnted.valuns.

Sediment Discharge

Occasionally hydroelectric projects on Pledmont streams release
sediment into downstream waters to reduce accumulations in associated

reservoirs. Because excessive releases dovnstream may modify the streanm
channel to the point of izpairing navigation, as well as other instream
uses and values, we recommend that the application address potential
sediment release plans and schedules.

Ve appreciate the opportunity to comment ind please do not hesitate to
contact us 1f you have any questions.

SIK:cw
cc: Jim Bulak, SCUVMRD

Nancy Ferguson, SCDHEC
sk37517






South Carolina Water Resources Commission

1201 Main Street. Suite 1100 [ Columbia. $.C. 29201 T Telephone (803) 737-0800

Alfred H. Vang
Executive Director

October 25, 1991

Mr. G.A. Galleher
Senior Engineer
Duke Power Company
P.0. Box 33189
Charlotte, NC 28242

RE: Saluda Hydroelectric Project
FERC Project No. 2406

Dear Mr. Gilleher:

The South Carolina Water Resources Commission staff have revieved the
draft Application for License for the above referenced project. Ve
provide the following comments for your consideration in developing the
final Application for License.

Plant Gperation

Although the Commission would prefer that this project be operated as
a true run-of-river facility, the proposed modified peaking operation as
described is generally acceptable. However, there still remain some
questions and concerns regarding the proposed plant operation that need to
be addressed in the final application before the Commission can formulate
its final opinion. These questions and concerns are as follows:

1. The overall objective of any low-flow operating procedure should
be to provide a more uniform run-of-river type flow rather than
the less desirable pulsating type flow characteristic of short
duration releases. Of all the low-flow procedures presented in
this drafc application and those of the other three Duke projects
currently under review (Hollidays Bridge, Gaston Shoals, and
Ninety-Nine Islands), the Commission prefers the option that
requires the project to shut down when inflows are less than
minimum operating capacity (one-third minimum turbine capacity).

The implementation of this option averts the potentizl for

additional low-flow impacts to instream uses already impaired by
low-flow conditions and greatly simplifies plant operation during
day and night time periods. This option is also consistent - ith
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lov-flow procedures currently implemented at other run-of-river
type facilities on the Saluda River downstream of the Saluda
Hydro Project. These projects include Piedmont (FERC Ro. 2428),
Upper Pelzer (FERC No. 10254), Lower Pelzer (FERC No. 10253), and
Ware Shoals (FERC No. 2416). All these projects, wvhich range up
to 6.2 MW in size, shut down at flows less than minimum turbine
capacity and pass all inflow downstream.

The additional increment of electrical pover derived from pulsing
the project hourly during these very infrequent low-flow periods
may not offset the additional cost due to fincreased labor,
maintenance, monitoring and adverse impacts to instream uses.

Adequate data has not been presented to allow full assessment of
the proposed operations at low flows. Essentfal data needs wouid
include the amount of discharge released from the project when

ofie unit is operated at one-third load, a definition of low-flow

period, and the expected frequency and duration of the proposed
low-flow operational procedure.

We recommend that Duke clearly define the term low-flow period
and conduct a time series analysis to determine the frequency and
duration of implementatfion of the low-flow procedure.
Furthermore, Duke needs to develop a simple mass balance using
historic inflows and projected discharges from the project during
lov-flow periods of record to help verify the feasibility of the
procedure. We also recommend that Duke verify or update pool
storage-elevation curves to provide accurate volume estimates,
especially in the first foot of drawdown. These values would be

useful in simulating different release scenarios during low-flow
events.

Assuming the proposed low-flow procedure is acceptable following
the additional analysis deseribed above, the Commission
encourages Duke to release inflow from the previous hour over as
long a period of time as possible. As a hypothetical example, it
would be preferable to have one unit discharge 200 cfs
continuously for a period of 20 minutes than have all four units
discharge a total of 800 cfs for only five minutes. This would

provide streamflows that more closely approximate run-of-river
conditions.

The first two procedures listed on page A-11 under "lLow-Flow
Operating Procedure” appear to be rather crude and inefficient
methods for adjusting project operations to streamflow. Also,
hourly operation of the plant to release net inflow may be
feasible during the day but may not be possible at night whe:
personnel are not on site. Both of these problems could be
soived with the instaiiacion of an automated control system.
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As ve recommended in our earlier correspondence, the use of an
automated control system which monitors pool elevation and
adjusts power generation accordingly should be investigated. The
newver systems are capable of optimizing peak generation while

maintaining pool elevations and downstream releases within
acceptable limits.

Ve have sent under separate cover two recent articles from Bydro
Review titled "Automating Existing Hydro Stations: A
Cost-Effective Rehabilitation Option™ and "A Computer at the
Helm: Automating Hydro Plant Controls™ for your consideration in
evaluating this option. The latter may be more applicable since
it is about automating small projects (<20 MW). It is our
understanding that the other Saluda River run-of-river projects
iantified above have installed automated control systems.

Sediment Release Plan

On page E-34, Duke states that it plans to submit a sediment release
plan to SCDHEC prior to releasing sediment. As described in our letter
dated May 19, 1989 sediment releases are also a concern of the
Commission. Therefore, wve request that a copy of the sediment release

plan also be provided to the Water Resources Commission prior to any
discharges.

Navigability

We are a little confused by the statement on vzge E-34 indicating that
boating activities in the river downstream of the project will be enhanced
by the proposed operating procedures. The basis for this state is not
provided. It is our opinion that as long as the Project continues to
operate in a modified peaking mode during low-flow periods, boating
activities will be adversely impacted. In order to minimize impairments
to navigability, we recommend that the Saluda Hydro be operated as close
to a true run-of-river mode as possible during low-flow events.

We appreciate the opportunity to comment on the draft application for

this project. If you have any questions regarding our comments, please do
not hesitate to call.

SJK:cw
cc: Gerritt Jobsis, SCWMRD
Nancy Ferguson, SCDHEC
Steve Gilbert, USFWS

Lois Cashell, FERC





South Carolina Water Resources Commission

1201 Main Street. Suite 1100 _  Columba. S.C. 20201 — Telephone (803) 737-0800

Alfred H. Vang
Executive Director

November 6, 1991

¥Mr. G.A. Galleher

Senior Engineer LTRSS TERTAL
Duke Power Company ' TORT SLoTioN
P.0. Box 33189 :

Charlotte, NC 28242 f HOY 37 1331

RE: Saluda Hydroelectric Project
FERC Project No. 2406

Dear Mr. Galleher:

In addition to the comments submitted to you by letter of October 25,
1991, on the above referenced project, we submit the following comments.

Applicant's Permitting Policy

In Section E.2.1.7 on page E-16, Duke refers to a brochure entitled
"Safe and Actractive Lakes Are Everyone's Job" for a description of their
permitting system for construction and excavation activities in project
waters. While the brochure provides useful information for many
non-commercial activities, it does not adequately describe permitting

requirements for all possible projects nor does it include all appropriate
permitting entities.

We recommend that Duke expand this section to include information
regarding permitting authority and requirements by the State of South
Carolina and the U.S. Army Corps of Engineers. Specifically, Duke needs
to include reference to the General Permit for non-commercial acrivities
in navigable waters issued by the State Budget and Control Board, as
recommended by the Water Resources Commission (See attached copy of
General permit G P/N 87-14-Q01). Furthermore, Duke needs to note that
individual permits must be issued by the State Budget and Control Board
for all commercial activities and for non-commercial activities that do
not comply with the general and special conditions included in the General
Permit. Most of this informacion has alrezady been compiled by Duke in a

publication entitled "Shoreline Management Plan for the Catawba-Wateree
Project."
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If you have any questions regarding these additional comments, please
contact me at 803/737-0800.

Siycerely,

-~

Steven de Kozlowski . -
Environmental Qualiti\HanAger

G R

Enclosure

cc: Gerritt Jobsis, SCWMRD
Nancy Ferguson, SCDHEC
Steve Gilbert, USFWS
Lois Cashell, FERG






South Carolina Water Resources Commission

1201 Main Street, Suite 1100 = Columbia, $.C. 29201 [ Telephone (803) 737-0800

Altred K. Vang
Executive Director

December 11, 1991

Mr. George A. Gallcher

Generation Services Deparment
Duke Power Company

422 South Church Street

Charlotte, North Carolina 28242-0001

Re: Saluda Hydroelectric Project
FERC Project No. 2465

Dear Mr. Galleher:

We have received your letter dated November 27, 1991 and reviewed the enclosed draft
license condition for minimum releases from the Saluda Hydroelectric Project. We are unable to
approve the draft condition as currently worded.

As discussed at the meetings on November 19-20, 1991, the recommended minimum flow
of 129 cfs should be sufficient to protect navigation. While we recognize that controlled releases
from this project may be highly vanable (+/- 20%) due to the age of the equipment, it is our
opinion that operation of the project regardless of the cause should not adversely impact instream
uses below the project except during periods of drought or during brief periods due to
emergencies. Therefore, the inherent variability in the project’s releases should be incorporated
into the target minimum flow value in order to ensure the protection of instream uses. Because
releases from the project could vary as much as 20 percent (26 cfs), we recommend that the target
minimum flow from the project be 155 cfs (129 cfs + 26 cfs).

The Commission would still prefer that the project discontinue operation completely during
periods when inflow is less that 100 cfs and allow all inflow to pass downstream. As we indicated
in our previous letter, such an operational plan would be consistent with other projects on the
river. However, in order to facilitate an agreement with Duke on this project, we will agree to the
proposed scenario of hourly operations to release accumulated inflow.

If you have any questions regarding these comments, please de not hesitate to call.

W e ¥

St&en }. de KozZlowski
Environmental Quality Madag

cc: Gemu Jobsis, SCWMRD
Chester Sansbury, SCDHEC
Steven Gilbert, USFWS






South Carolina Water Resources Commission

1201 Main Street, Suite 1100 .  Columpta. S.C. 29201

~itred H. Vang
Execuuve Director

April 22, 1992

Ms. Lois Cashell

Secretary

Federal Energy Regulatory Commission
825 North Capitol Street, NE
Washington, DC 20426

RE: COMMENTS on Application for License
Saluda Hydroelectric Project
FERC Project No. 2406
Duke Power Company

Dear Secretary Cashell:

The S.C. Water Resources Commission staff have reviewed the Final
Application for License for the Saluda Hydroelectric Project located on
the Saluda River in Greenville and Pickens Countjes, South Carolina. We
provide the following comments for your consideration.

Plant Operation and Navigability

The primary concern of this agency is the project's impact on
navigation. Navigable waters of South Carolina, which include the Saluda
River, are held in public trust by the State and are considered by the
State to be public highways under Article 14, Section & of the South
Carolina Constitution and Section 49-1-10, South Carolina Code of Laws,
1976, as amended. Navigable waters are defined by R. 19-450.2.C. South
Carolina Code of Laws, 1976, as amended, as "...those waters wvhich are now
navigable, or have been navigable at any time, or are capable of being
rendered navigable by the removal of accidental obstructions, by rafts of
lumber or timber or by small pleasure or sport fishing boats.
Navigability shall be determined by the Water Resources Commission." The
Water Resources Commission has the responsibility to protect the public

trust by insuring that navigability is not impaired by human activities in
stream channels.

On page E-55, the applicant states that boating activities in the
river downstream of the project will be "enhanced” by the proposed
operating procedures. The Water Resources Commission does not agree - ih
this z2ssessment and contends that there is every indication that the

-~ Telephone (803) 737-0800





Ms. Lois Cashell
April 22, 1992
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proposed operating procedures would continue to impair downstream
navigation. As stated in previous correspondence with the applicant, this
Agency much prefers a run-of-river operational mode over that of modified
peaking. The Saluda Project is the upstream-most hydro in a series of six
small run-of-river projects located in the upper portion of the Saluda
River. This entire stretch of river is navigable by State standards:
hovever, current peaking operations result in unpredictable and
fluctuating flows which render this stretch effectively unusable to the
boating public. More stable flows with a suitable minimum low-flow could
greatly improve public use and access to this important State resource.

As the upper-most project, operations at the Saluda Hydro dictate to a
large extent subsequent operations at downstream projects. Those projects
irmediately downstream of the Saluda Project, Fiedmont (No. 2428), Upper
Pelzer (No. 10254) and Lower Pelzer (No. 10253) operate strictly in
run-of-ri®er modes, that is, discharges are equal to inflow.

Consequently, fluctuating flows initiated by peaking operations at the
Saluda Hydro are compounded throughout the river reach by the inflow
dependent projects downstream. A run-of-river mode of operation at the
Saluda Project would help stabilize streamflows throughout the upper
Saluda River, as well as, stabilize lake levels in Saluda Lake and
downstream impoundments. As a result, navigability in the river could be
greatly enhanced, the opportunity for public use of the river and lakes
would be improved, and other instream and inlake uses would benefit.

The raticnale for a modified peaking mode of operation provided by the
applicant is not entirely clear. The project is rather small (2.4 MW) and
has very limired usable storage capacity (556 ac-ft) as reflected in the
absence of storage in the firm capacity calculation and as stated by the
applicant in the application (pp- A-7, E-48, E-49), It is our opinion
that the power contribution of this Project to peak electric demand by
using available storage {(i.e. by peak operations) is extremely limited.
Furthermore, such modified peaking operations needlessly impair navigation
and other instream uses in the upper Saluda River. Ve request that the
FERC staff carefully assess the need for modified peaking operations as
proposed by the applicant.

Both the proposed "Low Flow Cperating Procedure” on page A-9 and the
"Tentative Agreement"” on low flow operations (Attachment 2, Section E.2.5
and outlined on page E-61) are unacceptable to this agency. For the past
seven years, the Water Resources Commission has conducted site specifie
studies to determine minimum navigable flows for ten different stream
segments located in the Piedmont portion of the State. Regressing these
minimum navigable flows with corresponding average streamflows yields a
very close correlation (RS = 0.932) of the data. Based on this
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analysis, we estimate that a minimum flow for navigation below the Saluda
Project would be abour 184 cfs. This is substantially higher than the
100-129 cfs minimum flow proposed by the applicant.

Because the applicant Proposes to use the projeet for peaking
operations, this agency recommends that site specific studies be conducted
downstream of the Project to determine minimum flow needs to protect

navigation. Our staff will coordinate with Duke personnel in identifying
study sites and conducting field studies.

Automated Control Svstem

The applicant has hot adequately addressed studies requested by the
Commission regarding installation of automated control systems. While
there is a brief reference on page A-10 to "future studiesg” regarding
plant adtomation, the applicant needs to more clearly describe their
intent in conducting such studies, identify a deadline for completion, and
include the analysis in the Application for License for review by FERC and
other state and federal agencies. If an automated control system were
installed, it should allow the project to operate more efficiently in a
run-of-river mode and meet minimum flow requirements. :

Permitting Policy

The applicant has not adequately identified all appropriate entities
involved in permitting activities in the Proposed project waters, as
November 6, 1991 letter to the applicant.
In Section E.2.1.7 on page E-34 the applicant refers to a brochure
entitled "Safe and Attractive Lakes Are Everyone's Job" for a description
of their permitting system for construction and excavation activities in
Project waters. While the brochure provides useful information for many
non-commercial activities, it does not adequately describe permitting

requirements for all possible projects nor does it include all appropriate
permitting entities.

We recommend that the applicant ex

informacion regarding permitting authority and requirements by the State
of South Carolina and the U.S. Army Corps of Engineers. Specifically,
Duke needs to include reference to the General Permit (G P/N 87-14-001)
for non-commercial activities in navigable waters issued by the State
Budget and Control Board as recommended by the Water Resources
Commission. Furthermore, Duke needs to note that individual permits must
be issued by the State Budget and Control Board for all commercial
activities and for non-commercial activities that do not comply with the

general and special conditions included in the General Permit.
this information has alre

entitled

pand this section to include

Mest of
ady been compiled by Duke in a publication

"Shoreline Management Plan for the Catawba-Wateree Projecct.”
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Sediment Release Plan

On page E-54, the applicant states that they plan to submit a sediment
release plan to and consult with SCDHEC prior to releasing sediment from
the project. As described in our letter dated May 23, 1989 and reiterated
in our letter dated October 25, 1991, sediment releases are also a concern
of the Water Resources Commission because of potential impacts to
navigability. Therefore, we request that the applicant also coordinate
vith the Vater Resources Commission in developing the sediment release
Plan and provide copies of the Plan to us when completed.

We appreciate the opportunity to provide comments on the Application
for License. If you have any questions, please do not hesitate to contact

us.
* Siqé;;;ly,
\1__—'/, ]
Steven J. de Kozlows
Environmental Qualji ager
SIK:cw

cc: G.A. Galleher, Duke Power
Gerritt Jobsis, SCWMRD
Chester Sansbury, SCDHEC
Tony Bebber, SCDPRT
Steve Gilbert, USFWS
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South Carolina Water Resources Commission

1201 Main Street. Suite 1100 T Colummia. 5.C. 23201 _  Telepnone (803) 737-0800

~ifreq = vang

zxecutve Drector January 26, 1993

Mr. George Galleher

Duke Pover Company

Post Office Box 1006

Charlotte, North Carolina 28201-1006

RE: Saluda (#2406), Hollidays Bridge ({f2465), Gaston Shawls (#2332), and
Ninety-nine Islands (#2331) Hydropower Projects
Navigation Studies

Zear Mr. Galleher:

The purpose of this letter is to request the assistance of Duke Pover
Company (Duke) in conducting studies to determine minimum flows for navigation
in the Saluda River downstream of the Saluda and Hollidays Bridge Hydropower

Projects and in the Broad River below the Gaston Shoals and Ninety-nine
Islands Hydropower Projects.

As we have pointed out in previous correspondence, the Saluda and Broad
Rivers are navigable waters of the State, and as such, sufficient flows musc
be maintained in the river channel to support a minimum level of navigation.
Since Duke does not plan to operate the above-referenced projects in a run-of-
river =mode, studies will be needed to determine minimum release requirements
from the projects to protect navigability.

1 general, the study plan requires the Water Resources Commission to
7isually survey the stream segments for appropriate study sites. Our staff
would establish bench marks at each site, and conduct the initial measurements
of streambed profiles and water surface elevations. Duke could assist by
2aking subsequent measurements of water surface elevations for at least four
different flows ranging from about 5 percent to 60 percent of mean annual
flow. Duke would provide all field notes to the Water Resource Commission for
final analysis and minimum flow determinations. Provided streamflows
cooperate, we should be able to complete alil field measurements
and analysis by the end of the vear.






January 26, 1993
Mr. George Galleher
Page

Please contact me at (803) 737-0800 so we can discuss this matter
turther and develop more detailed study plans and schedules. Also the last
correspondence on these projects was addressed to "Nr. Alfred H. Vang, Jr.".
Please address future correspondence to "Mr. Alfred H. Vang". €.

Environmental @ ,

SJK:cv i
cc: Lois Cashell, FERC






South Carolina Water Resources Commission

1201 Main Street. Suite 1100 _  Columbia. S.C. 29201 — Telephone (803) 737-0800

Adred H Vang
mxecutive Director

May 13, 1993

Mr. Thomas W. Yocum
Generation Services Department
Duke Power Company

P.O. Box 1006

Charlotte, NC 28201-1006

Re: Saluda Hydroelectric Project
FERC Project No. 2406

Dear Mr. Yé&cum:

The Water Resources Commission staff have reviewed the proposed flow monitoring
strategy for the above-referenced project and provide the following comments.

Streamflow Gage: The monitoring of streamflow below the project once per day is
unacceptable because it would not accurately monitor river conditions and ensure project
compliance with minimum flow requirements. Duke proposes to operate this facility as a modified
peaking project which would cause downstream flows to fluctuate considerably during each day.
The Water Resources Commission disagrees with the proposed modified peaking operation and
has recommended that the project operate strictly in a run-of-river mode. Regardless of FERC’s
final decision regarding project operation, a single measurement of flow each day would not
provide sufficient information about flow conditions during the day. We recommend that a
continuous monitoring system be installed as suggested by the U.S. Geological Survey which
provides real-time flow measurements that are accessible by the Survey’s computer network. The

existing gage downstream of the project (#02162500) should be maintained by Duke if the current
sponsor does not.

Lake Level Gage: The monitoring of lake levels on a daily basis is also unacceptable.
Because the lake is relatively smali compared to inflow, considerable fluctuation can be expected
during the course of each day. Based on lake volume and inflow data from the State Water
Assessment, average inflow is about 18% of the volume of the lake. Consequently, a continuous
monitoring system is needed similar to that suggested by the U.S. Geological Survey. Such a
monitoring gage could be part of an automated control system that regulates project operation based
on inflow by maintaining a constant lake level. Duke needs to further evaluate the feasibility of a
lake level monitoring system as part of an automated control system. If such an automated control
system were installed which ensured outflow was equal to inflow by maintaining a constant lake
level. the need for a continuous monitoring gage downstream of the project may not be needed.

The Water Resources Commission jointly funds numerous gages throughout the state with
the U.S. Geological Survey, so is sensitive to the cost of monitoring efforts. However the use of
public resources by both public and private entities obligates the user to accurately momtor impacts
of usc on ihe resource.  While the cost of monitoring slightly increases the total cost of the project,
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it also provides valuable information to the operator and can greatly improve project operation.
Daily measurements may be less expensive to conduct; however, they do not provide sufficient
information to accurately assess impacis of the project on this important public resource.

We appreciate the opportunity to comment on the monitoring plan. If you have any
questions regarding our comments, please do not hesitate to contaci us again.

Steven J. de Kozlowgki
Environmental Quali ger

cc: Gemnt Jobsis, SCWMRD
David Grave's, SCDHEC
Steve Gilbert, USFWS
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Alfrea H Vang

South Carolina Water Resources Commission

Zaecutive Director

July 22, 1993

Mr. George Galleher

Duke Power Company
P.O. Box 1006

Charlotte, NC 28201-1006

RE: Saluda Hydro (#2406)
Hollidays Bridge Hydro (#2465)
Gaston Shoals Hydro (#2332)
Ninery-nine Islands Hydro (#2331)

Dear Mr. Galleher:

As you are well aware, the principal concem of the Water Resources Commission
regarding the above referenced hydroelectric projects is their impact on navigation. Our comments
to the First Stage Consuliation Reponts (5/22/89), the Draft Applications for License (10/28/91),
and Final Applications for License (4/22/92) all express the need to conduct studies to determine
minimum flows to protect navigation below these projects. Duke has not responded to these
requests for studies. In our most recent attempt to initiate the studies, we requested in a letter dated
January 26, 1993 the assistance of Duke Power Company personnel to conduct studies to
determine minimum flows for navigation below these projects. We have not received a response.

During a canoe study at Gaston Shoals on July 7, 1993, I asked you about conducting the
navigation studies. At that nme you informed me that Duke had modified its proposed operating
mode at all four projects such that a continuous minimum flow of about 20% of mean annual flow
would be provided at all imes except during exaeme low flow perntods at which time inflow to the
projects would be released every hour. This was the first time our agency had been noufied of
such changes to the applications for license.

It is sull the position of this agency that if these projects are operated in a manner other than
true run-of-river (inflow equals ourflow) navigation studies using the Scuth Carolina Navigation
Method should be conducted below each project to determine minimum flow requirements (o
protect navigation. However, because studies on several piedmont rivers indicate that flows of
approximately 20% of mean annual flow are generally sufficient to support navigation, the Water
Resources Commission is willing 10 forgo such site specific studies if it can be demonstrated that
the proposed release scenarios can sustain navigable conditions below each project.

We would like to schedule controlled release studies for each of the four projects for the
week of August 9th. A suggested schedule follows:

Tuesday, August 10, 1993 - 129 cfs Saluda Hydro Project

Wednesday, August 11, 1993 - 186 cfs Hollidays Bridge Hydro Project

1201 Main Street. Suite 1100 — Columpa. 5.C. 29201 — Telepnone (803) 737-0800
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Thursday, August 12, 1993 - 433c¢fs  Gaston Shoals Hydro Project
Friday, August 13, 1993 - 483 cfs  Ninety-nine Islands Hydro Project

For each demonstration we would need to 1) attempt 10 navigate the river at the proposed
minimum flow, and 2) observe critical shoals while the project is operated in one-hour increments.
We understand that such a demonstrartion is dependent upon flows in the river and that high flows
may require rescheduling.

To be certain that we clearly understand the proposed operational modifications, we would
appreciate a written description of the current proposed operation and low-flow procedure for each

project. Please contact me as soon as possible about the field demonstrations so we can adequately
schedule personnel and equipment.

S\Qven J. deKozlow

Envionmental Qualirs)@afg

cc: Lois Cashell, FERC
Gerrit Jobsis, SCWMRD
David Graves, SCDHEC
Tony Bebber, SCDPRT
Steve Gilbent, USFWS
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DUKE POWER

August S, 1993

HAr. Steven 5. de Kozlowski

Znvirenmental Guality Manager

South Carolina Water Resources Commission
1201 Main Street - Suite 1100

Columbia, SC 29201

Re: IHavigation Studies for the Saluda, Hollidays Bridge, Gaston

Shoals, and lNinety-Nine Islands Hydrceiectric Projects
(FERC lNos. 2405, 2465, 2332, and 2331}

ile Nos: GAH-0404., MP-3A, 4P-§, MP-12, IS5-29

-

Zear Mr. de XKozlowski:

This is in response to your letter cf July 22, 1993, requesting
that Cuke Power Ccmpany {(Duke) schedule ccntroiled release
studies for Duke’s Saluda, Hollidays Bridge, Gaston Shoals, and
Ninecy-Nine Islands Hydro Projects for the week of August 9,
1993. According to your letter, the SCWRC proposes to forego

site-specific studies to determine minimum flows if the o
controlled release studies demonstrace that rnavigable conditions

can be sustained below these projects at the 20% mean annual
daily flow (MADF).

This is also in response to your letter of January 25, .993, :=o
George Galleher in which you reguested studies to determine
minimum flows for navigation telow these projects. 7Y2u state
DAt Uou nave nsot racelved a respense £o that .etter.
ipolcgize for the delay 1n respending to yvour January 26, 1993,
cerrespondence.  However, this letter will serve as a response to
coth the January 26, 1993, and July 22, 1993, letters.

AsS you know, CZuke is now engaged in relicensing proceedings at
FERC cn these projects and has completed all of the studies it
was required to undertake pursuant to applicable FERC
regulations. The time in which those regulations allow state
agenc:ies such as the SCWRC to request studies or information
gathering on these hydrcelectric projects has long expired and,
In Izct, nad expired at the time of your January 26, ;993._
letter. [Duke consulted with the SCWRC and cther agencies in
accercdance with the agency censultarion regulations of FERC
zpplicable to relicensing proceedings (18 C.F.R. §16.3) prior to
I1ling 1ts applicaticns Ior new iicenses for these fcour projects
with FERC in Decemper 1291. Those regulaticns require that
rzguests [or studies or Information te made during -..e
tion process. The SCWRC, however, failed to r=guest any
studies quring those consultations. ~urther, TERC’s
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gulations provide agencies with an additional cpportunity to
Juest studies or information con a project during the £d-day
icd Zcllowing the filing of an appliication at FEZRC. However,
e STWRC also failed to request specific studies during the

H
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O-cday pericds following the filing of the applications for these
Sur Trojects.
urther, the information you have reguested is inconsistent with

TERC’'=s regulations. MNeither FERC’s agency consultation
Tegulaticns nor its regulations governing the content of
zpplications for new licenses discuss or reference navigation.
also, the FERC’s regqulations do not directly or indirectly
indicate that license applicants have to collect information
related to navigation flows. Thus, your request goes beyond what
TERC’s regulations authorize or contempiate.

=5 yeu xnow Zrcm the Reply Ccmments filed with the FERC bv Cuke
I2r ~he Euzzards Roost Treject, 1T i1z Zuke‘s positizn that the
ZCWRC Zces not possess the authority under South Carclina Law oo
ipeax Icr,the state on navigation mattars cr =2 estabilisn
navigacion Ilows for the state‘s rivers. See Greenwood Ccunty,
South Carolina‘’s Reply Comments tco Agency Ccocmment Letters cn che
sbplicaticon for New License for the RBuzzards Roost Project {Reply
Comments, April 1, 1993, pp. 36-37). See also, Attachment J of
Reply Commencs. Further, even if your agency possessed such
autheority, its determination on navigation flows would not ke
Dinding cn FERC. We kelieve that the Federal Power Act clearly
vests in FERC the exclusive authority to establish instream flows
for navigation or other purposes for FERC-licensed hydreoelectric
croijects and rreempts state authority in such areas. See, =2.a.,
Californis . FERC, 495 U.S. 490 (1990); =zavies Hvdro resociatien

-

. _=L3Te Water Fecgurces Soarq, F.Z28 --- (3th Cir. .3¢3)
TR0 WL 17730 .

~Cccraingly, Zuke ra2lieves that 1z would Ze inapprcpriate at -
Iime tTOo agree Uo your request. We note that you sent a copy of
our January 26, 1293, and July 22, 1993, letters to FERC. We
Would suggest that the SCWRC consider requesting FERC o
determine wnether your agency can impose kinding navigation fiow
requlirements cn a FERC licensee in view of the aforement:ioned
court Zecisions.

~ -
Zincerely,

Jerabih.

2. 5. ZIzcok, Jr., Manager
Zeneraticn Planning
senerzticn fervices Capartment






To illustrate this point, we nave inciuded five cross-secticnal
—rofiles o the river with wvater suriace elevations depiczted for
~aseflov of B0 cfs and the Commission's reco=mended minizum fiow of 400
-£s (Attachzent D). Sites i, 2, and 3 are rocky shoals located
approximately 1.5, 7, and 10 miles respectively below the proiect. Site 4
is & run with a mid-channel sandbar located 13 miles dowvnstream of the
-roject. water surface elievations are derived from rating curves
developed by the Commission for each sice based on field studies. A
~inimum flow of 400 cfs increases water surface elevaticns by aboutr cne
Zo0ot above baseflow. AS the cross-sections illustrate, boat passage at
400 ec£s is limited to just one or two sites at each of the shoals vhere
sufficient zinimum depth and width are available.

Ve emphasize that a flow of 400 c¢is is a low flow. If this section of
=he Saluda River wvere unregulated, instantanecus flows of less than 400
cfs vould occur only about £ive percent of the time. However, under the
current project operation, flows less than 400 cis occur daily. The
Commission strongly believes that the reguested minizum instantaneous
-elease of 430 c<s is a reasonable iow flow requirement based cn available
“ilows, ==e size Of the river, znd potential IDpacts cn TIDject coteraticms.

Teem 7 D) (1)- Protection of Public T-ust in Navigable wWaters by the
Water Resources Ccomission

In the February 10, 1989, letter I-om Water fesources Commission's -
Surface Water Division Direcror, Danny Johnson, to George Galleher vith
Duke Power Company, commenting on Schedule A to the Duke Power Company
application regarding FERC project numper 1167, the Water Resources
Commission Sade numerous substantial comments, Including a reference to
responsibilities of the Water Resources Commission in protecting the
public trust relating to navigable waters. In response tO that comment,
Duke Power Company asserts that the Water Resouxces Coxxmission has
exceeded its authority in regard to its coomments as to the need te protect
cthe capacity for navigacion on the Saluda Eiver and suggests that the
Tederai Inergy Reguiatcry Commission cisregard ~he statezents o the Sourh
raroiina water Rescurces Commission as to navigability and IiInstancaneous
flows in the Saludas River below the Buzzard's RoOOST hvdroelectri
oroject. The contention put forwvard by Duke Fower Company is erroneous at
best, —isleading at worst, and demonstrates a lack of a fundamental

underszanding of South Carolina law relating t©o navigable waters and

o—'l-.e
cublic crust.

as

The public zrust cdoctrine is wvell estatlished in South Carolira as
part cf this state's common law, having been recognized as early as iggs,
vnen the South Carolina Supreme Court In a case involving title to
—arshlands stated as Icllows:

—e state had in the beds of these title channeis not oniy ticle
as property, the jus privatuz, tut something more, che jus
~ublicum, consisting of the rights, powers. and privileges
Zerived from the British crown and belonging to the governing
tead, which she neld in a fiduciary capacily for general zan:
sublic use; iz trust for the benefit cf the citizens of the
stace. and in respect to wnich sne nad tTust duties to perform.
7zizaticns ozitted).

<






The Stave v. Pagifis Suano Comoany, 22 S§.C. 9 {(5.C. Sup. Cr., L1884). The

opinions in §tate v. Paecifiz Guano Cozpany and in Hevward «~. farmers’
dining Company, 42 S.C. 138, 19 S.E. 563 (1894), the latter case being
cited in Duke Pover Company's response. izvolved prizarily consideraticns
of state ovnership and interest in tidelands. The issue of navigabilicy
of various vater courses in the twvo cases just mentioned was izportant
based upon South Carolina cozmon law holding that the state, as sovereign,
<5 presumed the owvner of all lands belov the mean high wvacer line or
ordinary high water mark on navigable waters. The public trust docrrine
has further evolved in South Carolina, so that the doctrine applies to
navigable vaters, regardless of any claim of state ownership to the bottom
or banks of the navigable vaterway. In the case of State ex rel. Tvon,
Attorney General v. Co Water Power Co §2 s.C. 181, 63 S.E.BB4

(1508), the South Carolina Supreme Court determined that the Columbia
Canal wvas a navigable vater of the State, in spite of the earlier
convevance of the canal to a private company and the lack of acruzl
navigation upon the canal. The case is instructive on several points in
regard to the jizportance of navigable waters in South Carolina. The court

noted that the cinal had been construcred originally to promote navigation
Terween the Eroad and Congaree Rivers., in order to trovids a passage

zround shoals at Columbia. Cointidentally, the Columbiz canal at one tize
¥as also used by shipping on the Saluda River which was connected to the

3road River via the Saluda River canal just above the ccnfluence of the
Zroad and Saluda Rivers at Columbia,

v. Water Power Company,

South Carolina. The court in State

supra, at p. 137, recognized a r:le of generai
applicability as to navigability in South Carolina, stating:

The navigabilicy of vater does not depend on its actual use for
navigation, burt on its capacity for such use. Tor, as will be
seen by reference to the authorities above cited, the definition
of navigable water embraces not only that vhich is actually used,

but thar vhich is susceptible of use for navigation in ics
ordinary state.

i *o The Scuth

Carolina csnstituticn To surport
navigable wvaters.

its

The constitution provides: "All navigable waters shall forever
remain public highways free to the citizens of the State and of
the United States, withour tax, izpost or toll :izposed.”

Const.,
1868, art. I, sec, %40: Const., 1895,

art. I, sec, 28. This
statement of the constitutional declaration of rights, except the

imposition of toll, Is hardly anvthing more than a constitutional

sancticn of the co=mon law rights of the public in navigable
wvaters.

State v.

Tater “owver Company, supra at p. 190. The subject of the case
was an obstructicn to navigarion in the canal by the placement of a large
water pipe acrcss the canal near the wvater surface. The Supreme Court
deterzined that the obstruction should be enjoined and discussed the basis

Zor the state's action to abate the cbsrruetion, zs follows:






It is true the remedy bty injunction ezainst a rcere
—atter ci absoiute right,
zeurs.

-

cuisance is not a
“ut Tests on the sound ciscretion of the

In exercising discretion, the ccurts consider ail the
tircu=stances. 3Sut where the wrong is clear, znd the injury present
and canifestly izpending, the court will zarely refuse the injuncrien,
especially if public property, safety, -ealth or veifare is izpaired
or threatened, or the nuisance is perzzaent and caintained in defiance
of a iav expressive of the public policy of the state. In this case
the obstruccion of the canal will not caly be a permanent nuisance; It
will be much more. The state, as a sovereign, bolds the propercty
right of unobstructed navigarion of the navigable wvaters of the state
in trust for the people of the state and of th

rhe United Stares. This
is a property right of great value. It is weil established that an
individual has a right to injunction against threacened, repeated, or

continued injury to his property rights. For a greater reason has the

state, as trustee for the people, a rigat to the intervention of the
courcs to protect the valuable right of free nawvigatica.

tight is clearly established, as it has been in this case, not only
tnder the common law and. constitutional and statute law of the state
=ut ¥ the express contract cf the parties tThemseives. The court would
be acting arbitrarily to refuse the injmmcsicn.  [Titation ozitted),

vhen che

State v. water Powver Company, suprz at p. 193,

Even though the federal government, acting ucon the rfederai Tover Act

and through the Federal Energy Reguiarory Commission, had limited the
- 1

state's sole authority to regulate its navigable waters, In this case the

Saluda River, zhe State ol

South Carelina remains the rr:estee of state
navigable varers,

and based upon its fiducizry obligatioms, the state is
Lound to take whatever action is necessary to protect the interests of all
its citizens in its navigable waters. The =znner iz vhich the sovereign
State of South Carolina chooses to carry out its Iiduciary
responsibilizies as trustee of navigabie vaters Is a
w“ith the state and should not be subject to question
The Zsderzil zovernzent or pubii

matter resting only

by either agenciss ol
¢ uwzilisies Teguiated Tty tle federal

[

zovernzent wnich urilize izporrznt state andéd Izderal Issgurces.

As indicared in the above discussion, tie State of Scuth Carolina

sossesses a responsibility with respect to navigable waters, vhich as
trustee of the public trusc,

-

~he state can not Zgnore. Although the
courts in this state nave continuously recognized the state's public trust
—“esponsibilitie the General Assembly of Soutn Carolina tas rnot enacted
any general or comprenensxve set of statutes to administer the public

Tust related to navigable waters, and more i—portantiy, the General
Assembly need not do so in order to paintain the public tmest.

-t

Yo
fovern—ent operates inm a vacuum. all governzenztal acticens are carried out
Oy agents and agencies ol a particular governzental entity.
Zaroiina every governzental agency exerc¢isizg any Tesponst :bility relaced
o ratters within the public trust relating tco navigaple vaters are bound
-5 act im a canner ccnsistent with the state's Iiduciary

n Soutn






responsibilicies, Thus, every agency of the state Tust z2ct in a manner
tcnsistent with their responsibilities to promote the interests of the

cublic trust iz navigable waters. This Is vhat the South Carxolina VWater
sesources Commission does evervday and is precisely vnat the Water

fesources Commission is doing in co=menting on the ruke Fower Company
application herein:

Juke Power Company suggests that

zossesses no grant of responsibllicy Irom the South Carolina General
issembly to protect zhe public t=ust by insuring that the state'’'s
navigable waters are not rendered noan-navigable by human acrivities. The
ciscussion stated above should be considered in relation to the rather
tzoad grant of authority relating to wvater resources granted to the South
Carolina VWater Resources Commission. Curicusly, Duke Powver Company
Provides a reference oniy to Section 49-3-40, Code of laws of South
Carolina, 1976, as zmended, vnich is merely one section from the South
Carolina Water Resources Planning and Coordiration Act. That Act is the
basic legislation creating the Water Resources Commission. Were Section
+9+3-40 the only stature passed bty the South Caroiizma General Assembly in
T2zardéd to the wWater Resources Commission, cthen Duke rower Company zight
zn firzmer ground; however, -uke has chosen to ignore the fcllowing
substantial body of statutes, which collectively provide the Water
fesources Commissicn with more than ample authoritT o represent the State
zZ South Caroliina in this matter:

(1) Section 49-4-10, er seg. -

' and Coordination Act

{2) Section 49-5-10, et seg. -

(3) Section 49-21-10, et seq. -

{4) Section 49-23-10, et seq.

Act of 1985
(5) Secticn 45-25-10, et seq.
(6) Sectiocn 49-25-10, et seg. -

the Water Rescurces Commission

te

South Caroiina Wwater Use RKeportiz
Groundwater Use Act

Interbasin T-ansrer oI Water
- South Carciina Drougnct EResponse

- Qffice oi State Climatology
South Carcolina Scenic Rivers Act
Twen a cursory review of the statutes just referenced will reveal that the
louth Carpliina water Zesources (oao=issicn. &s an agency o the State I
Zouth Caroiizma, is vested with broad and zeaningful powvers and authority
with regard to all aspects of water resources Tanagement. No other agency
in South Carolina possesses authority vhich is either as broad or more
-elevant to the issues of continuous sIream flow and navigation in the
Saluda River below the Buzzard's Roost HEydroeliecrric Project.

Two additional considerations provide additional substantial support
To the un

~deniable conclusion that the Water Resources Commission
aDpropriate state agency To comZent on navigation and contimuous Ilow in
=he matter herein. rirst, attention is called to Act No. 198, ACTS AND
Z2TINT DESOLUTTICOMS £F SOUTH CAROLINA, 1383 <hnich act Is entitled as
Zollows. "A joint resoluticn to regquire the South Carolina Water Resources
Zommission to identify and list the streams and wacter courses of the state

“nr which —:inizum flow levels needs to be established and prepare proposed
stream Ilcw standards.”

is the

The water Zesources Coz=ission has accoupiished
oth requirements of Act No. 138 of 1983; zhar Is, cthe Commission nas
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ed stTeams and wvater courses wvhere minizum Slow ievels are needed,
ne u:::xssion kas proposed stream flow standards. Adaittedly, the
Seéneral Assenbly has taken no specific action to adopt :the proposed

standarés: Lowever, the enactm=ent c¢f Act No. -9 of 1983 clearly indicaces
the cencern of the South Carolina General Assembly on the matter of

=inizua Ilov levels and identifies the South Carolina Water Resources
Con:issicr 2s the appropriate state agency to address those problems.
~nterestinzliy, the very minimum flow standards just discussed are
'e:erenceu by the Federal Energy Regulatory Commission in its lertter of
Sovember ., 1989 to Duke Power Company, ‘n which Duke FPower Company is
requested to provide specific information with regard to the South
Caroiina Water Resources Commission's Instream Flow Study - rhase II.
Also. that same letter requires Duke Power Company to address the South
Carolina Vater Resources Commission's 1988 "South Carolina Rivers
Assesspent.” Both the minimum stream flow study and the rivers assessment
vere studies carried ocut vithin the specific authority of the Water

Resou:ces Commission and clearly constitute comprenensive state plans for
-Zoroving, leveloping, or conserving watervays.

Secend. tzme South Caroclinz wWater

e gmas

Besources b —=issicn nas a direect snd
signifi:aﬁt interest In navigaricn and minimum flows reiating o the
Saluda R:ver at Buzzard's Roost due to the Water Resources Commission's

Farticizaticn with the South Carelina Budget & Control Zcard in the

3oard's permitting prograz for activities occurring in state navigable .

waters. Tlease see Regulation 19-450, Code of Taws of South Capolina,
1976, zs zmended,

to review the specific regulacions. These reguliations
That any person obtain a permit from the state prior to
undertaking any construction, dredging, £illing, or other altering

activity In a state navigable vater. The Budget & Control Board's

pernitting program is, in essence, specific implementation of the public
Ttrust vith respect

©Oo state navigable waters. In connection with tha
perz=itiing program, Reguiation 19-450.1.2, states:

reguire

TToc , The Vacter

sources Coamission on tehalf ¢ the E"éget & dontwol Zoarc
esponsible for obtaining

znd evaluating the views of all *elevant agencles and persons,

and taking such administrative actions as are appropriate to

advise agencies, applicants and others ccncerning the

Procedures. The Commission or its staff may cozment cn a permit

application pursuant to 450.6 and 7. The Commission shail aiso

Tecommend to the Eoard whether the permit should be granted or

denied or made subject to any particular condition not trovided
in these regulaticns.

o)

or Turvoses of ac..:.n-s..ermg these t©= ecures
2

shall sexrve as the coordimating agency,

As tTustee of public property, the State Budget & Control Eoard possesses
the necessary authority to carry out its permitting program. %Yo citation
of authc:i:? is necessary in supporr of the obvicus conclusion that a
FTOpPert™ owner possesses the requisite authority to conrrol and regulate
its property.  The Budger & Control Boardfs trogzram is no zore than th
sTate raguilating activities on ¢roperty wnich is clilearly within the --:blic

't






doRain. that property being navigabie waters of the S:tate of South
Carolina. Additionally, the General Assemply has granted specifi
authority to the State Budget & Control Eoard to canage and regulate
activities on all vacant lands or lznds purchased by the former land
commissioners of the starte, wnich lands include state navigable wvaters.
See Section 1-11-70, Code of laws of South Carolina, 1276. Also, the
South Caroliina General Assembly has specifically authorized the Budget &
Control Board to charge a fee for the very permitting program jusc
discussed. See Section 1-11-75, Code of
amended.

cf Sourh Ca a, %76, as
Tae General Assembly has carefully reviewed and approved thes
current regulations of the State Budget & Control Board which becanme
erfective June 27, 1986, replacing previous regulations. The stacucorily
zangated review and approval process is contained in Sectiom 1 -23-10, ec
seq. Code of Laws of South Carolina, 1976, as amended, generally referres
to as the "State Adminisctravtive Procedures Act." Finally, please see the
case of §.C. State Ports Authorjty v. S. C. Coasral counci}), 270 S.C. 320,

242 S.E.24 225 (1978), recognizing the validity of the State Budget &
Control Board's navigable waters permit program.

Tuke Fover Company has acimowviedged tize and again the authorizT of

- -

the Srate Budget & Conrrol Board to regulate activicies in state navigable
vaters, Including acknowledgment or the status o the South Carclina Water
Resources Commission as the agent of the Budget & Control Board. &attached
herero you will please ffnd a docuzent entitled “Stare Navigable Wacters
Construction Permits Issued to Duke FPower Company, 1970 - Present”
(Attachment E). This document liscs the permit number, date issued,
location, and description of project for tventy-six ssparate permits
involving Duke Pover Company, the Scuth Carolinia Water Besources _
Commission, and the South Carolina State Budget & Control Board. In every
instance cited, Duke Power Company has vorked with and through cthe South
Caroplina Water Resources Commission in the administration of the state
permitting program. Obwviously, the past conduect of Duke Fower Coumpany
zleariy demonstrates Duke‘'s acknowviedgment and acquiescence in the
surhority ¢f the Water Resources Comaission with respect to matters
Iavolving state navigable waters.

ZTem 7 /Ty 2N

water Resources Commission Modeling Studies

Duke cozments that the Commission’s water budget oodel does not

zecurately describe the operacion of the projecr. Specifically,

they
identisfy

inaccuracies in the procedure protocol regarding hours per week
on peak (B0 hrs/wk instead of 60 hrs/wk) and simulation of project
operations. The Commission finds these comments somevhat peculiar since
~he operacion rules included in the model vere provided by Duke Fower
Coapany. Zowever, the Commission's onodel can be adjusted to incorporate
“he "-eaiistic” operational data that Duke is suggesting, but would
require Duke to work closely with the Commission. Such cooperaticn from
Zuke nas not occurred to date despite proposals Irex the Commission on
several cccasions to work wvith Duke in ucilizing the model to assess

2nvirznzental and economic izpacts. In fact. -he Comaission has zone s=o

I3r zs to trovide Duke with a3 copy cof the model along with its originail

-y -






Attachment C

Letter from Anderson County





COUNTY OF ANDERSON bt

Parks Department ANDERSON
COUNTY

Tel: 864-231-PARK (7275} » Fax: 864-260-4044

Physical Location Mailing Address

101 S. Main St., Room 13 P O Box 8002

Anderson, SC 29624 Anderson, SC 29622-8002
Matthew Schell August 28, 2017

Anderson County Parks Department Manager
101 South Main St
Anderson, SC 29624

SUBJECT: Saluda River - Hydro Impairment

I am writing this letter to express Anderson County Parks Department’s concern regarding flows of the Saluda
River below the Saluda Lake Dam. Extreme fluctuations in flow have drastically affected recreational use; most
notably on weekends and afternoons when paddling is popular. Earlier this summer, the lack of flow even
threatened the Anderson County and Special Olympics’ 8™ Annual Saluda River Rally. This year alone has
revealed more extremes in water level fluctuation and duration on the Saluda River than the past seven years
combined. The duration of the now-common severe lows are tragic.

Additional flows were released from the dam to allow the event to proceed this year. Had special permission not
been granted, our event would not have been able to take place. It would have been cancelled for the first time
in eight years. It would have been cancelled because water was being withheld upstream because it was a non-
peak hour for power generation. If ever an agreement cannot be reached, our event will be cancelled for the
safety of our participants.

At this year’s rally, one patron enjoyed the Saturday paddle so much that he came back the next day with three
friends to share the experience. They were all sorely disappointed to discover there was not enough water to
paddle as safely and enjoyably as the day before. The group ended up dragging bottom or walking their kayaks
much of initial four river miles (leading to the impoundment). During the same event this year [ was also
forced to recommend to paddlers: “not to paddle this section unless it was after a rain event”.

The previous seven years (2010 thru 2016) of this ADA friendly paddle trip never required water negotiation
prior to the event. River run and flow typically followed that of seasonal tendencies. A recent change in
hydropower ownership / operation at the Saluda Lake Dam has led to the drastic and extreme management of
basic flow; operating full tilt during peak hours (7am — 11am and 7pm — 11pm) Monday thru Friday, while
allowing Saluda Lake to recharge in between and over the weekend, with all three units shut down.

In 2010, Anderson County led a charge for ADA accessible and inclusive water recreation on the Saluda River
with the State’s first ADA accessible floating kayak launch. Since then we have installed two more and have
two additional sites in design development. The river rally grew to a record 500 paddling participants last year
with some traveling from as far as Mississippi and Florida. The original intent and future of a standalone ADA
accessible paddle trail is now threatened; water flow being the keystone to the success of river recreation.





Anderson County works to ensure that the water-based recreation opportunities best serve the needs of our
county’s residents and visitors, regardless of ability or disability. We depend on a more uniform flow of the
Saluda River to serve this need. Along with our partners, Anderson County is developing a 48-mile blueway
through Upstate SC counties that border the Saluda River. We have added ADA accessible kayak/canoe access
points, boat ramps, and portage points, and more are planned. Our citizens depend on suitable and sustainable
river flows to be able to enjoy recreational experiences on the Saluda.

Anderson County appreciates ail of your proactive steps to address the flow issues on the Saluda River.

Please call if we can be of further assistance: Office 864.231.7275 Cell 864.760.5948

Respect EL_I_U_}L_;I f,;.
o Pl vl SN
y/

Matthew Schell
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August 31, 2017

Heather Preston

Water Quality Division Director

South Carolina Dept. of Health & Environmental Control
2600 Bull Street

Columbia, South Carolina 29201

Lisa Perras Gordon

Water Quality Standards

Hydrologic Alteration and Clean Water Act Coordinator
US Environmental Protection Agency - Region 4

61 Forsyth Street, SW

Atlanta, Georgia 30303

Re:  Identifying Upper Reedy River, Greenville County, South Carolina as a
hydrologically impaired waterbody in South Carolina 2018 Integrated Reporting
Document

Dear Ms. Preston and Ms. Gordon:

The following is a petition submitted on behalf of Save Our Saluda, American Rivers and
South Carolina Wildlife Federation to list an urban section of the Upper Reedy River in
Greenville County as a hydrologically impaired waterbody in the South Carolina 2018
Integrated Reporting Document.

Save Our Saluda (SOS) is a nonprofit watershed organization founded in 2008 in
response to threats to the Saluda River and its tributaries. The mission of SOS is to
restore and protect the Saluda Watershed. We advocate for clean and sustainable river
flows, river corridor protection, and public access to our waters. Our watershed area of
interest is the upper Saluda Basin above Lake Greenwood, including the Reedy River
drainage area.

American Rivers is a nonprofit organization founded in 1973. Our mission is to protect
wild rivers, restore damaged rivers and conserve clean water for people and nature. With
offices across the country including those in Columbia and Conway, South Carolina,
American Rivers combines national advocacy with field work in key river basins to
deliver the greatest impact. We are practical problem solvers with positions informed by
science and have 275,000 members, supporters and volunteers, including many who live
in South Carolina.





The South Carolina Wildlife Federation (SCWF) is a nonprofit organization with nearly
10,000 supporters across the state, from anglers to hunters to outdoor enthusiasts. The
mission of SCWF is to conserve and restore South Carolina’s wildlife and wildlife habitat
through education and advocacy.

It is with dedication to these goals and values that we submit information about an 8.2-
mile section of the Reedy River in Greenville County from Langston Creek to -85 as a
hydrologically impaired waterbody and request the Department of Health and
Environmental Control include it as such under Category 4C of South Carolina’s 2018
Integrated Reporting Document. The information we provide below demonstrates that
this section of the Reedy River is impaired due to hydrologic alteration caused by impacts
of urban development.

About the Upper Reedy River

The waterbody proposed for listing is an 8.2-mile section of the Reedy River within the
Upper Reedy River watershed in Greenville County, South Carolina (Figure 1) in which
hydrology has been altered due to urbanization (Figure 2).

The section extends from the confluence of the Reedy River with Langston Creek (in the
San Souci neighborhood) downstream to the USGS gaging station (USGS 02164000
Reedy River near Greenville, SC) located directly downstream of the 1-85 overpass. This
section is situated within two USGS 12-digit watersheds: 030501090401 (Headwaters
Reedy River) and 030501090402 (Brushy Creek-Reedy River). We will call this the
“urban Reedy” for the purposes of this submittal.

Upstream of Langston Creek, the watershed is a mix of suburban and light
industrial/commercial. A somewhat functional floodplain/wetland system exists along the
main stem of the Reedy upstream of Langston Creek that helps to attenuate stormwater
runoff and mitigate changes to watershed hydrology due to increased runoff from
developed areas. There are also two water withdrawal permits for golf course irrigation
(41 and 26.8 MGM) upstream of the section proposed for hydrologic impairment. These
permitted withdrawals, roughly 2 MGD, occur during the most hydrologically stressed
summer months and are a very significant proportion of flow in this reach of the river
during this time. Therefore, the system in already substantially altered hydrologically
where the river enters the reach proposed for listing as impaired due to hydrologic
alteration.

The urban Reedy historically supported numerous mills, mill villages, and factories,
which contributed to pollution of the Reedy River and the contamination of sediments
currently stored behind the Lake Conestee Dam downstream. Sections of the river and
tributaries were also historically channelized (Figures 3a and 3b).

Today the drainage area for the urban Reedy is highly developed with a mix of
industrial/commercial, suburban, and high-density urban areas. A small dam at the heart





of downtown (Photo 1) was created as an aesthetic amenity at the site of a historic
railroad trestle. The dam creates a 1-2 acre area of impounded water and effectively traps
sediment in the channel upstream (Photos 2a-c) resulting in further exacerbation of
shallow flow conditions and alteration of the river's natural course and flow. It also
adversely affects water temperatures and reduces habitat for fish and invertebrates.

http://www.greenvilleonline.com/story/news/local/2014/10/16/qamy-concrete-thing-reedy-river/17366199/

Downstream of the downtown dam to 1-85, the river is shallow with widespread sediment
deposition (Photos 3a, b). The river channel is enlarged and incised and channel banks
are scoured from repeated high velocity erosive stormflow and lack of moderate flows for
sediment transport (Photos 4 and 5).

We do not propose to include the Reedy River downstream of 1-85 as impaired due to
hydrologic alteration as part of this submittal. While the river below 1-85 is likely so
impaired, there are additional factors including an interbasin transfer of water from the
Savannah River basin via two major domestic wastewater discharges, in addition to
multiple impoundments, which make this lower section of the river distinct from the river
reach for which we are submitting information.

The Reedy River is classified freshwater. Designated uses include contact recreation,
aquatic life, and industrial uses. Recreational uses are impaired in the urban Reedy reach
due to the lack of flow and bedload sedimentation which severely restrict the use by
boaters, anglers and swimmers during much of the year. Aquatic life uses are not fully
supported due to biological impairment (macroinvertebrates) at five sites along the main
stem (S-928, S-868, S-319, S-867, and S-013) and two tributary sites (S-265 and S-981)
within the proposed reach. Biological impairment is closely tied to habitat degradation
resulting from high velocity flashy flows, channel instability, scour and deposition caused
by upstream urban development.

Data and Information

The following sections present data and information to support the listing of the
urbanized section of the Reedy River as hydrologically impaired. Supporting information
can be found in Attachments A-C. Figures and photos of the proposed reach are also
attached.

Navigability and Recreational Use Impairment

The Reedy River is very shallow throughout much of its urban Reedy reach due to a loss
of baseflow and sedimentation caused by urban development, and is incapable of
supporting watercraft except during stormflow events which are flashy and dangerous. In
order to paddle the urban Reedy, the gage height at USGS 02164000 needs to be
approximately 0.95 feet or higher. Mean daily stage levels at this gaging site were
obtained for the period October 1, 2011 to September 30, 2016. Using this criterion, the
urban Reedy was not navigable 71 percent of the time. This does not include the



http://www.greenvilleonline.com/story/news/local/2014/10/16/qamy-concrete-thing-reedy-river/17366199/



numerous days each year when the river would not be safely navigable due to
stormwater-induced flash flood conditions.

Saluda-Reedy Watershed Consortium and other Studies

Hydrologic and land cover studies from the Saluda-Reedy Watershed Consortium
(SRWC) provide strong evidence of hydrologic alteration in the upper Reedy River
watershed due to urbanization. Analyses of hydrologic data clearly show an impact on
streamflow patterns that are linked to deforestation and urbanization/impervious surface
area.

In one SRWC study, statistical evaluation of streamflow data from 1942-2005 for the
Reedy River near Greenville revealed a significant increasing trend in peak flow, and a
corresponding significant decreasing trend in baseflow, and no climatic trend over the
same period. In the absence of a climatic trend, increasing peak flow and decreasing
baseflow trends were attributed to the effects of expanding urbanization, increased
impervious surface areas, and incremental increases in stormwater runoff from increasing
impervious surface area (North Wind, 2007a; Figures 4a-d; Attachment A). While some
of the baseflow decline can be attributable to loss of industrial discharges (most notably
the Renfrew plant, formerly located north of Travelers Rest, near the headwaters of the
Reedy, ~2.5 MGD), these losses do not account for the overall trend over the period of
record.

In another SRWC study, land cover and hydrologic data revealed that watersheds with
more forest cover had lower per area peak flow values compared with urban and
agricultural watersheds. The most heavily urbanized watershed (the upper Reedy River
watershed) had the highest per area peak flows (North Wind, 2007b; Attachment B).
Analysis of land cover data for the watershed area above Lake Conestee, which includes
the proposed impaired reach, indicated a significant change in developed land from 36
percent in 1985 to 69 percent in 2000 (North Wind, 2007a). Percent impervious cover
increased from an estimated 10 to 18 percent in 1985 to 25 to 33 percent in 2000 in the
upper Reedy watershed (Allen et al., 2007).

More recent changes in impervious area in the upper Reedy watershed were determined
between 2001 and 2011 using National Land Cover Database data (NLCD, 2014),
(Ruhlman et al., 2014). Increases occurred across all impervious classes, with the
exception of the smallest class which decreased. The greatest increase in impervious area
over this period (58%) occurred in the highest impervious class (2,371 acres, or an
average of 237 acres/year).

We have reviewed the UGSG gage records for the 2012-2016 period of review and
believe they are consistent with the hydrology that resulted in impacts documented in the
2007 and 2014 reports.

USGS Hydrographs

Figures 5 and Figure 6 are hydrographs of stage (gage height) and streamflow (discharge)
at the USGS gage on the Reedy near Greenville (02164000), the location of which






coincides with the downstream endpoint point in the proposed impaired reach. The
graphs reveal a system with a highly flashy hydrologic response with short lag times to
peak flow and sharp ascending and descending hydrograph limbs.

As an example from an individual storm, on September 4, 2015, under dry antecedent
moisture conditions, a 1-1.5 inch storm event (Attachment C) resulted in a very rapid and
significant rise in the river (Figure 7). The storm event was very focused over the most
developed and most impervious part of the City of Greenville (Figures 8). At 6:15 pm,
the pre-event streamflow was 19 cfs. At the peak around 9:00 pm, the flow had increased
80 fold to 1,520 cfs resulting in an over four foot rise in the river within three hours. By 9
am the next day (12 hrs post-peak), the river was down to 50 cfs. This was not an extreme
event and is representative of a commonly occurring rainfall-response pattern in the
urbanized Reedy. This unnatural flow pattern resulting from urbanization causes
impairment due to hydrologic alteration.

Agquatic Life Impairment

Richter et al. (2011) analyzed numerous ecological flow studies and summarized their
findings under three flow alteration categories: (1) a high level of ecological protection
would result if daily flows are altered less than 10% from natural flows, (2) a moderate
level of protection would result if daily flows are altered from 11% to 20% and (3)
alterations greater than 20% would likely lead to moderate to major changes in natural
structure and ecosystem functions. We have reviewed the UGSG gage records for the
2012 to 2016 period under consideration and believe they are consistent with hydrologic
alteration that would result in aquatic life impairment caused by moderate to major
changes in natural structure and ecosystem functions as documented by Richter et al.

Testimony

"My name is Ben Peters and | am currently the President of the Foothills Paddling Club
in Greenville, SC. | personally have enjoyed kayaking the Reedy River numerous times
with friends. Unfortunately the current state of water quality, small window of runnable
flows and increased sedimentation in the riverbed make it a less desirable place to paddle.

With the increased development in the river's watershed, the river rises very quickly in a
short time during and after rain and then drops just as quickly to below a good runnable
flow, sometimes in a matter of an hour. Since most of rain does not soak into the ground
and slowly release back into the river over time, the base flows of the river have dropped
compared to the historical average. This problem has decreased the days of opportunity
for recreation on the river. Along the sudden spikes in river level, the river begins to
smell from high pollution levels. Every time I've run the river | have gone home, cleaned
all of my gear, and taken a shower to make sure | do not get sick from the Reedy. As |
look at the river downstream of Reedy River Falls, I've noticed how much more the river
bed has become filled up with sediment, creating a river too shallow to enjoy. Along with





the sedimentation, there is a lack of vegetation to hold the current river banks in place
and keep more sediment from ending up in the river.

The Reedy River through Greenville is a hydrologically impaired river, but could be a
fantastic recreation asset if the issues facing it today are solved."

Ben Peters
President, Foothills Paddling Club

“My wife won't paddle the Reedy because of water quality problems and signs posted in
Falls Park. I do paddle it, but only rarely because | don't want to get sick and it's only
runnable shortly after heavy rains when pollution levels are highest.”

Clayton Burton

Programmer, Analyst and Database Administrator, Furman University

Advisor, Furman Outdoor Club

ACA certified Level 4 River Kayak Instructor

Conclusion

This information demonstrates that Upper Reedy River between Langston Creek and
Interstate 85 is impaired due to hydrologic alteration and should be listed under Category
4C in the South Carolina 2018 Integrated Reporting Document.

Thank you for the opportunity to submit this petition.

Sincerely,

Ml st

Melanie Ruhlman, Save Our Saluda
President

Lo\
Gerrit Jobsis, American Rivers
Senior Director, Conservation Programs

Pon O "%y

Ben Gregg, South Carolina Wildlife Federation
Executive Director






Attachments

Attachment A - Factors Contributing to Flooding in the Upper Reedy River Watershed

Attachment B - Assessment of Trends in Forest Cover Change in the Saluda- Reedy
Watershed and Impacts on Water Quality and Streamflow

Attachment C — Precipitation Data - Upper Reedy Watershed
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Figure 1 — Map location of section of Upper Reedy River proposed for hydrologic
impairment due to urbanization.






Figure 2. Changes to watershed hydrology due to urbanization in the upper Reedy
River watershed.
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Figures 4a-d. Summary of SRWC hydrologic study in the Upper Reedy Watershed
(North Wind, 2007a).

Methods

* 3 rain gages, 1 stream gage
* 1942-2005

Precipitation O

4y

Table 7. Statistical Trends in Precipitation in the Upper Reedy River Watershed

* Annual and monthly trends — Kendall -
N S tau value | 7V"¢

Annual precipitation, all water years: 1942-2005 0.011 0.92

Monthly precipitation, all water years: 1942-2005 0.005 0.86

Annual precipitation, normal water years: 1942-2005 0.041 0.72

Monthly precipitation, normal water years: 1942-2005 0.013 0.69

Conclusions:
* 1 (close to zero) and p-value (>0.05) = no relational trend

* No significant climatic trend in precipitation

Baseflow* Peak Flow o
Table 9. Statistical Trends in Baseflow in the Uppﬂ' My River Watershed Table 8. Statistical Trends in Peak Flow in the Upper R&dy River Watershed
Kendall
Test Kc::alllletln p-value Test syl p-value
Annual baseflow, all water years: 1942-2005 027 0.008  Annual peak flow, all water years: 1942:2005 s S8
‘Annual baseflow. normal water years: 1942-2005 019 0.097 Monthly peak flow, all water years: 1942-2005 0.098 0.0004
LARUA: Dasc oW, oMM haler Yoars. . . Annual peak flow, normal water years: 1942-2005 0.138 0.24
Monthly peak flow, normal water years: 1942-2005 0.1411 <0.0001

Conclusions: Conclusions:

* Annual peak flow trend not significant (p>0.05)

* Annual baseflow trend significant (p<0.05)

* Decreasing trend in baseflows * Monthly peak flow trend very significant

* Increasing trend in peak flows






Figure 5. Reedy River stage levels at USGS 2164000, 2014 to 2017.
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Figure 6. Reedy River flow levels at USGS 2164000, 2014 to 2017.
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Figures 7. Representative rainfall response at USGS 2164000, September 4, 2015.
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Photographs of the Urban Reedy





Photo 1. Dam in downtown Greenville. City workers repairing a malfunctioning sluice
gate August 3, 2017.

http://www.greenvilleonline.com/story/news/2017/08/03/reedy-river-runs-dry-
downtown-but-only-temporary/538270001/





Photo 2a. Sediment in the Reedy River behind the dam in downtown Greenville. 4
malfunctioning sluice gate caused impounded water in Reedy River behind the Peace
Center to drain exposing expansive deposits of trapped sediment. August 3, 2017.

http://wspa.com/2017/08/03/stuck-gate-causes-reedy-river-to-drain-behind-peace-center/
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Photo 2b. Sediment in the Reedy River behind the dam in downtown Greenville
during maintenance activities. The sluice gate was opened to lower the river and
dredge sediment, which resulted in a fish kill downstream. August 8, 2006.
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Photo 2¢. Sediment in the Reedy River behind the dam in downtown Greenville
during maintenance activities. The sluice gate was opened to lower the river and
expose trapped sediment, which was pushed into the river with machinery and hosing.





Photos 3a and 3b. 2016 River clean-up in the urban Reedy showing high levels of
sedimentation and shallow water levels resulting from upstream urbanization.
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Photo 4. Exposed tree roots in deeply incised, highly eroded section of the urban
Reedy River resulting from flashy, erosive stormwater flows caused by upstream
urban development.





Photo 5. The urban reach of the Upper Reedy River upstream of Faris Road,
August 24, 2017. Flow downstream at USGS 02164000 was approximately 24 cfs.





ATTACHMENT A

Factors Contributing to Flooding in the Upper Reedy River Watershed
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discharge is not expected to have a direct impact on urban flooding problems. However, runoff
from developed areas that rely on this infrastructure availability does contribute to flooding
problems in the Greenville area. See Assessment of Water Budget in the Saluda-Reedy
Watershed, a 2005 SRW report.

5.3 Roads

Three interstates transect the URRW. These are [-85, I-385 and 1-185 (Figure 2). All three of
these interstates are located in the southern portion of the URRW and therefore have had more of
an impact on growth rates in this area. Interstate 85 cuts across the southern URRW from east to
west providing a route between Charlotte, North Carolina and Atlanta, Georgia. Interstate 185
enters into the URRW from the southwest where it leaves Interstate 85 and provides access into
the City of Greenville from Atlanta, Georgia. Interstate 385 enters the URRW and provides
access to the City of Greenville from Columbia, South Carolina to the east. U.S. Highways 25,
276, 123 and 29 also provide important transportation corridors through the URRW. These
interstates and US highways have spurred growth and continue to influence growth both within
the southern URRW and its outlying areas by providing commuters a route to jobs in the City of
Greenville. In addition to runoff from development around these transportation corridors, runoff
from the roads themselves often has a direct impact on localized flooding problems. Stormwater
management practices such as detention and retention that are required for commercial and
residential projects are typically not required for road construction projects.

6. PRECIPIATATION AND STREAMFLOW ANALYSIS

Flooding can be influenced by many factors. Two of the most important factors are precipitation
and land cover. In the absence of a climatic trend, a change in urbanization over time is expected
to cause larger peak stream flows and smaller baseflows. Tests of these hypotheses were
performed for the URRW. Methods and results are described below.

6.1 Precipitation Analysis

The NWS maintains a network of cooperative (Coop) precipitation gauges across the nation.
Precipitation data from two Coop gauges (ID 383742 and 383747, Figure 14) and one USGS
gauge (Station 02164000) were analyzed for this study.

= Station 383742 is located within the URRW in the City of Greenville at the downtown airport.
The period of record for this gauge is 1/1/1930 to 9/30/1962.

= Station 383747 is located just outside the URRW at the Greenville/Spartanburg Airport and
the period of record is 10/1/1962 - 5/12/2004.

= The USGS gauge is located on the Reedy River at Mauldin Road in the URRW and the period
of record is 1/31/92 to 12/31/06.

Average precipitation in the URRW is 49 inches per year according to NWS data analysis of
long term trends at these two Coop sites. The minimum recorded yearly rainfall was 29.8 inches
in 1981 and the maximum was 71.4 inches in 2003. Roughly 60 percent of total precipitation
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evaporates or is transpired by plants. About 40 percent results in surface runoff or recharges to
ground water, some of which then becomes stream baseflow. In urban watersheds such as the
URRW, there is typically less groundwater recharge and more surface runoff following rain
events due to the amount of impervious surfaces. Over time one would expect to see peak stream
flows increasing and stream baseflows decreasing.

To test this hypothesis, the first step was to rule out the influence of a possible climatic trend, or
change in precipitation patterns over time. The period of record was selected as 1942 to 2005 to
correspond with available stream flow records (see Sections 6.2 and 6.3). We analyzed annual
and monthly precipitation trends for all years during this period and for “normal” precipitation
years. We defined normal as those years with annual average precipitation within +/- one
standard deviation of the mean. For the normal monthly analysis, we threw out all months for
those years whose mean fell outside +/- one standard deviation.

The Kendall tau statistical test was used to determine if a trend exists in the annual and monthly
precipitation data. This test is based on ranking variables, in this case years and annual/monthly
precipitation values, and testing the strength of the monotonic relationship, or degree of
correspondence, between the variables. Because it is rank based, the Kendall tau test is resistant
to the effect of a small number of unusual values and therefore outliers do not need to be
excluded from the analysis. However, we did excluded non-normal years as part of the analysis,
just to compare to results for all years.

The following is a guide for interpreting Kendall tau statistics:
= If the agreement between the two rankings is perfect (i.e., the two rankings are the same) the

tau value is 1.

= If the disagreement between the two rankings is perfect (i.e., one ranking is the reverse of the
other) the tau value is -1.

= If the rankings are completely independent (no relational trend), the coefficient has value 0.
= For all other results, the value lies between -1 and 1. Positive values imply an increasing trend

and negative values imply a decreasing trend.

The probability of rejecting the null hypothesis that tau is zero against the alternative hypothesis
that it is nonzero was computed to a 0.05 level of significance. Therefore, those tau values with
an associated p value of <0.05 are considered significant. Results of the precipitation analysis
are given in Table 7 below.

Table 7. Statistical Trends in Precipitation in the Upper Reedy River Watershed

Kendall
Test tau value p-value
Annual precipitation, all water years: 1942-2005 0.011 0.92
Monthly precipitation, all water years: 1942-2005 0.005 0.86
Annual precipitation, normal water years: 1942-2005 0.041 0.72
Monthly precipitation, normal water years: 1942-2005 0.013 0.69
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A low Kendall tau value (close to zero) and a high p-value (>0.05) indicate no relational trend.
Results for annual and monthly precipitation for all water years and for only normal years
showed no relational significance. Therefore, we can assume that there is no significant climatic
trend in precipitation for the time period 1942 to 2005.

6.2 Peak Flow Analysis

Urban watersheds have a higher percentage of impervious surface area compared with a less
developed or undeveloped watershed. Stormwater runoff is delivered to streams and rivers at a
faster rate and with a greater volume in urban watersheds than it would in less developed
watersheds where more rainfall is able to infiltrate into the ground. Therefore, for a given
drainage area with similar physiographic characteristics, higher stormwater flows are typically
observed downstream of heavily urbanized areas, and as undeveloped watersheds become
developed, peak stormflow rates are expected to increase concurrently.

The USGS maintains a streamflow gauge on the Reedy River at Mauldin Road just below -85
(Figure 15). This watershed upstream from this point is largely urbanized with some rural areas
remaining to the north. The gauge has recorded data from November 1941 to September 2005
with a gap of coverage from October 1971 to May 1987. Daily flow data values are available for
the entire period of record.

To test the hypothesis that peak flows upstream of the Mauldin Road gauge have increased over
time due to urbanization, the Kendall tau statistical test was used to determine if a trend exists in
annual and monthly peak flow data, both for all years and for normal water years. Results are

given below. Kendall tau values with an associated p value of <0.05 indicate a significant trend.

Table 8. Statistical Trends in Peak Flow in the Upper Reedy River Watershed

Kendall
Test tau value p-value
Annual peak flow, all water years: 1942-2005 0.047 0.64
Monthly peak flow, all water years: 1942-2005 0.098 0.0004
Annual peak flow, normal water years: 1942-2005 0.138 0.24
Monthly peak flow, normal water years: 1942-2005 0.1411 <0.0001

Kendall tau values for annual peak flow (all years and normal water years) were positive
indicating an upward (increasing) trend in peak flow. However, the associated p values where
>0.05 indicating that the trend was not significant. Results of monthly peak flow analyses
indicated a very significant trend in the positive direction (tau is positive and p<0.05).
Normalizing the flows (i.e. eliminating wet and dry years) showed an even more significant
positive trend for monthly flows. Therefore, although annual peak flows did not show a
significant positive trend, results of the monthly peak flow analyses did show a significant
increasing trend for the time period 1942 to 2005. Given the higher resolution of data analysis
for monthly values vs annual values, it is assumed that these results support the hypothesis that
peak flows are increasing over time. In the absence of a climatic trend, this change is most likely
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due to changes in urbanization in the watershed over time. Similar results are presented in the
SRWC report, Assessment of Trends in Forest Cover Change in the Saluda-Reedy Watershed
and Impacts on Water Quality and Streamflow, January 2007, which demonstrated that
watersheds with more forest cover had lower peak flow values per area compared with urban and
agricultural watersheds.

6.3 Base Flow Analysis

Streamflows during drought, like flooding, are also affected by urbanization. As impervious
surfaces spread through urban development, less rainfall is able to infiltrate into the ground and
recharge groundwater supplies and feed streams during dry weather periods. The result is lower
baseflows, especially during times of sparse rainfall. Therefore, change in watershed
urbanization is expected to cause lower baseflow, or dry weather stream flow, assuming there is
no significant change in climate trends.

To test the hypothesis that baseflows upstream of the Mauldin Road gauge have decreased over
time, the Kendall tau statistical test was used to determine if a trend exists in annual baseflow
data. The computer model, Indicators of Hydrologic Alteration (IHA) v. 7.0.3, was used to
generate annual baseflow from streamflow records at the Mauldin gauge. Monthly baseflow data
could not be generated, and therefore statistical tests were done for annual baseflow data only
(Table 9).

Table 9. Statistical Trends in Baseflow in the Upper Reedy River Watershed

Test Kendall tau p-value
value
Annual baseflow, all water years: 1942-2005 -0.27 0.008
Annual baseflow, normal water years: 1942-2005 -0.19 0.097

Tau values for annual baseflow were negative, thus supporting the assertion that baseflow in the
Reedy River has decreased over time. Values were significant for the analysis for all years and
less significant for normal water years where extreme wet and dry years were excluded.

6.4 Impacts of the 1999-2002 Drought on Streamflow

A final analysis was done to look at precipitation patterns and the effects of the 1999-2002
drought. To statistically define wet and dry periods, precipitation data from 1931 to 2003 were
divided at the 25" percentile (43.2 inches) and 75™ percentile (55.8 inches) to demarcate dry and
wet periods, respectively (Figure 16). Over the 73 year period, 18 years were considered wet
years and 18 years were considered dry years (Table 10).

During the 1999 — 2002 period, actual precipitation ranged from 68 to 82 percent of normal
while actual streamflow ranged only from 54 to 66 percent of normal. In 2000 there were five
months where precipitation was greater than the historic average, while there was only one
month where streamflow was greater than the historic average (Figure 17).
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Historic aerial imagery of these six areas was then assessed that corresponded to the 1985 and
2000 land cover data to verify a positive or negative forest cover change. The imagery analysis
did verify cover change patterns determined from the STI data. Furthermore, land use change
was assessed. Most loss of forested area was attributed to residential subdivision development.
Forest gains were attributed primarily to rejuvenation of pine plantation areas.

Table 3. Forest Cover Change 0.25 Square Mile Analysis

Net Gain
Area Acres | Acres | or Loss
Gained| Lost ac(%)
-104
North Saluda 2 106 (32%)
-91
Greenville City 7 98 (28%)
-87
Traveler's Rest 8 96 (27%)
164
South Greenville County | 168 4 (51%)
100
North Laurens County 105 5 (31%)
43
Pelzer 63 20 (13%

Note: One-half square mile equals to 320 acres.

3.4 Streamflow Effects

The loss of forest cover has several effects on streamflow. Intact forest cover allows for rainfall
to soak into the ground, recharge groundwater systems, and to be more slowly released to surface
water drainages. Developed or developing areas and even agricultural land will release water into
surface water drainages at a much higher rate due to increased surface runoff. With increasing
development, there is also less recharge to groundwater systems and more frequent and higher
flooding as stream baseflows decrease and peak flows increase.

The SRWC report, Factors Contributing to Flooding in the Upper Reedy River Watershed
(January 2007), gives results of an assessment of land use changes and trends in precipitation,
peak flow, and baseflows at the Mauldin Road gauge below Greenville. The Greenville
metropolitan area is one of the most rapidly urbanizing areas of the watershed, and the land use
analysis, similar to that contained herein, demonstrated this change. Statistical analyses showed
no significant trend in precipitation patterns from 1942 to 2005, but did show a significant
increasing trend in peak flow and a corresponding decreasing trend in baseflow over the same
period of time. In the absence of a climatic trend, streamflow changes are therefore most likely
attributable to land use changes in the watershed.
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For the purposes of this report, the effects of loss of forest cover on streamflow were analyzed
for the broader SRW. The objective of the assessment was to compare flood frequencies between
different gauged watersheds that represent different land cover types. Higher relative peak flows
are expected to correspond with drainages with less pervious area (i.e. urbanized watersheds)
versus watersheds that are largely forested. Seven USGS gauging stations were used to evaluate
peak flow and flood frequency (Table 4). At least ten years of data are required to perform a
flood frequency analysis for the determination of recurrence intervals. The period of record for
the study gauges ranged from 10 to 67 years. Four of the seven stations had longer streamflow
records (29-67 years), and three of the stations had shorter periods of record (10-12 years).

It should be noted that flood frequency analyses typically assume no change in land cover/land
use over time, eventhough this is not the case for many urbanizing watersheds. However, while
some increase in peak flow will have occurred due to forest cover change for the Mauldin gauge,
the most urbanized watershed, it is not expected to significantly confound the analysis. The other
mostly urban watershed, Reedy River above Fork Shoals, has also likely experienced forest
cover loss, but has a much shorter (more recent) period of streamflow record. Therefore, the
results of this analysis should not be considered absolutely precise but are more suitable for
relative comparisons between watersheds, the implications of which can be used for general
planning purposes.

Watershed drainage areas ranged from 19 to 580 square miles (12,160 to 371,200 acres). Land
cover was visually assessed for each gauge’s drainage area using the 2000 STI land cover data
(Figure 4). Land cover types are listed for each gauge site in their order of dominance. Only one
station, the Reedy River at Mauldin Road, had a single primary land cover type (urban). All
others were a mix of forested, urban, and agricultural land uses.

Flood frequency analyses are used to estimate the probability of the occurrence of a given
hydrologic event. Using USGS annual peak flow data, the 2, 5, 10, 25, 50 and 100-year
recurrence interval peak flows were determined for the seven SRW gauges. The recurrence
interval (sometimes called the return period) is based on the probability that the given event will
be equaled or exceeded in any given year. For example, a 2-year frequency flood has a one in 2
chance (0.5 probability, or 50% chance) of occurring in any given year, and the 100-year flood
has a 1 in 100 chance (0.01 probability, or 1% chance) of occurring in any year.

The USGS computer model, PeakFW, was used to generate return interval peak discharges.

Peak flows were then “normalized” by dividing the resultant recurrence interval discharge values
by the corresponding drainage area. Figure 10 is a graph of the results. All gauges followed the
same general trend, with the exception of South Rabon Creek (the yellow ag/forest line). Rather
than land use, the shape of the drainage area is the most likely primary driver causing larger peak
flows, particularly for the larger, less frequent events. The watershed for Rabon Creek is very
long and narrow (Figure 4, gauge 02165200) in comparison to drainages of the other SRW
stream gauges. This results in a shorter overland flow distance, causing precipitation to be
delivered to streams quickly and leading to a rapid streamflow response and higher relative peak
flows per area in comparison to the other watersheds. Land use may also influence this different
trend somewhat, given that a large proportion of the watershed is in pastureland or is cultivated.
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While runoff from these areas would not be as rapid as it would be from a heavily urbanized

area, it would still be more than from a primarily forested area. Note: Land cover percentages less than
5 percent are not listed in Figure 4.

Table 4. Results of Flood Frequency Analysis for USGS Streamflow Gauges

Station Station Name Years of % Land Drainage Recurrence | Discharge | Discharge
Number Record Cover Area (mi?) Interval (cfs) per mi2
_ 2,2 47
Reedy River 82 3 222 67
near ’
. Devel 65.8 Qo 3,951 81
02164000 Greenville 54 Forest 28.3 49 Qus 4,855 100
(at Mzuldm Qs 5558 114
R )
) Q100 6,285 129
Q. 4,131 18
. 6,379 27
Reedy River Forest 69.9 8 ° 7.965 34
02165000 | near Ware 65 Devel 19.6 236 10 ’
Shoals Ag 7.6 Qas 10,050 a3
Qso 11,660 49
Q100 13,310 56
Q. 731 25
1,416 48
South Rabon Forest 64.2 8 ° 2,030 69
02165200 | Creek near 29 Devel 18.9 30 = 3015 102
Gray Court A 142 825 3,918 133
50 ’
Q100 4,979 169
Q. 8,894 15
. 13,290 23
Saluda River Forest 53.2 8 ° 16,120 28
02163500 | near Ware 67 Devel 36.0 580 L0 19.550 34
Shoals A9 8O 825 22,000 38
50 ’
Q100 24,350 42
Q. 6,690 16
. 10,370 25
Saluda River Forest 71.1 gs 12,960 31
02163001 near 10 Devel 19.8 414 10 16.380 20
Williamston Ag 65 825 19000 46
50 ’
Q10 21,680 52
Q, 687 36
929 49
Grove Creek Forest 52.5 g ° 1,082 57
021630967 near 11 Devel 39.5 19 - 1,268 67
Piedmont Ag 55 825 1401 74
50 ’
Q100 1,530 81
Q, 4,646 45
. 5,912 57
Reedy River Devel 53.2 g ° 6,735 65
02164110 | above Fork 12 Forest 36.0 104 - 7.768 75
Shoals A9 8O 825 8.534 82
50 ’
Q100 9,299 89
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Notwithstanding the trend for the Rabon gauge, all other results showed that land use does
appear to have an impact on streamflow patterns in the SRW. As expected, the gauge draining
the most urbanized area (Reedy River at Mauldin) had the highest recurrence interval flows. The
second highest set of flows is given for the second highest urbanized watershed, Reedy River
above Fork Shoals (urban/forest), which also includes the drainage area of the Mauldin gauge.
And not surprisingly, the third highest set of flows corresponded with the third highest urbanized
watershed (Grove Creek near Piedmont), which was classified as forest/urban, with a nearly
equal mix of each land cover type. The remaining watersheds all had lower flows and were
predominantly forested (Figures 4 and 10). Together, the results of the previous climatic and
streamflow analyses combined with these flood frequency analyses clearly show an impact on
streamflow patterns from development and urbanization.

3.5 Water Quality Effects

The effects of loss of forest cover on water quality were analyzed by two separate methods. The
first approach looked at the 11-digit HUCs in Table 5 and compared relative percent forest cover
to water quality analyses run during previous project efforts. See Figure 3, Table 5 and Sections
3.5.1.1 through 3.5.1.4. The second approach specifically analyzed and compared water quality
in the Upper Reedy River and the Lower Reedy River watersheds to discrete percent forest cover
utilizing a multivariate analysis. See Figure 3, Table 5 and Section 3.5.2.

Table 5. Watersheds Used for Water Quality Analysis

Percent | Percent
WDIGHUC | \Gove | Cover | Cover | Analysis | Analysi
1985 2000
North Saluda River | 03050109010 89 77 Yes No
South Saluda River | 03050109020 93 83 Yes No
Urban Saluda River | 03050109040 72 62 Yes No
Lower Saluda River | 03050109080 76 73 Yes No
Upper Reedy River | 03050109100 59 35 Yes Yes
Lower Reedy River | 03050109120 77 77 Yes Yes
Rabon Creek 03050109130 71 70 Yes No

3.5.1 Relative Percent Forest Cover Analysis

The watersheds examined during this analysis were also examined in the SRWC Report Water
Quality Data-Mining, Data Analysis, and Trends Assessment, July, 2005. These particular
watersheds were selected as representative of varying land cover types across the SRW with
1985 and 2000 forest cover ranging from a low of 59 and 35 percent for the Upper Reedy River
to a high of 93 and 83 percent for the South Saluda River. Additionally, sufficient water quality
data were available from these areas to allow appropriate data analysis. Of the seven 11-digit
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Figure 4. USGS Gauges, Drainage Areas and 2000 Land Cover
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Peak Flows by Land Cover Types
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Figure 10. Results of Flood Frequency Analysis

Note: For South Rabon Creek, the shape of the drainage area rather than land use is the most likely
primary driver causing larger per area peak flows. The watershed for Rabon Creek is very long and
narrow in comparison to the other drainages. This translates to a shorter overland flow distance
causing precipitation to be delivered to streams quickly, thus causing a rapid streamflow response and
higher relative peak flows per area in comparison to the other watersheds.
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KGMU - Greenville Downtown Airport

[Hourly Observations except more frequent during precipitation events
1.27” precipitation event reported 9/4/2015

Start 19:09

End 22:18

D9035 — DW9035 Greenville (@ Furman Hall Road across from Greenville County
Animal Care / Just south of Cherrydale Shopping Center)

15-Minute Observations

1.06” precipitation event reported 9/4/2015

Start 19:07

End 22:52

D9030 — DW9030 Greenville (@ Greenville County Government Building — University
Ridge)

15-Minute Observations

1.48” precipitation event reported 9/4/2015

Start 19:05

End 23:05

KGYH — Greenville-Donaldson Center Airport

20-Minute Observations

Possible data loss from 9/4/2015@ 21:55 thru 9/5/2015 @ 1:55
No precipitation event reported 9/4/2015
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Jeaneanne,

e Thereis no progress on the issue. We have not been contacted by the Petitioners in a couple
of months.

e Since the last briefing there are no updates from SCDHEC. They have not responded to us
regarding the Petition.

e The Petitioners seem to still be working with the State but there has been no resolution.

e Newspaper coverage in May 2018 included, “S.C. Supreme Court Strikes Down Edisto Potato
Farm Water Challenge”. In a 3-2 ruling the Court found that the alleged violation of the public
trust doctrine was not yet ‘ripe’ because harm had not yet occurred. Dissenting judge said “I
find it difficult to imagine a claim better suited to the public importance exception than an
alleged public trust violation.”

e News coverage continued in August, 2018 Neighbors want to stop mega-farms but they have
powerful allies. Also a short You Tube video on this page.
e |'ve attached the updated Brief Sheet.

Lisa

From: Gettle, Jeaneanne

Sent: Wednesday, September 26, 2018 3:04 PM

To: Gordon, Lisa Perras <Gordon.Lisa-Perras@epa.gov>; Wetherington, Michele
<Wetherington.Michele@epa.gov>

Cc: Able, Tony <Able.Tony@epa.gov>
Subject: Petition regarding SC Water Withdrawal Act

Lisa and Michele

Can you give me a short update on this issue? Are we making progress? Are the
petitioners satisfied? Just a few bullets. Pls copy Mary Jo.

Thanks
jmg
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